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ABSTRACT - The Gehyra punctata species complex in the Pilbara and surrounding regions of 
Western Australia has long been known for its confused taxonomy. Recent collections in the 
region have enabled a reassessment of specimens currently referable to G. punctata. We assessed 
populations genetically using newly generated mitochondrial DNA data in conjunction with recently 
published phylogenomic data and an unpublished allozyme analysis. In addition, we carried out a 
detailed morphological examination involving hundreds of specimens across this taxon's range. 
Many possible candidate species were recovered from these analyses, and the re-examination of 
morphology indicated two major clades: one small-bodied and one large-bodied, each comprising 
multiple divergent lineages within them. A syntype of Peropus variegatus punctatus Fry, 1914, 
believed to have been lost at the time of Mitchell's revision in 1965, was recently found in the 
Western Australian Museum collections, and is here designated as the lectotype of G. punctata 
sensu stricto. 

In addition to G. punctata from the Pilbara craton, the large-bodied clade comprises several 
species: G. macra sp. nov. - sister to G. punctata and confined to the northern Pilbara, and two 
more southerly distributed species, G. punctulata sp. nov. and G. polka sp. nov.; and a small-bodied 
species restricted to the south-western Pilbara region in the Hamersley Range, G. fenestrula sp. nov. 
Within the small-bodied clade a slightly larger-sized species is described as G. media sp. nov. For the 
other highly structured small-bodied lineage, one of the groups diverged morphologically and was 
recovered as the basal group in the phylogenomic data, despite being nested within the small-bodied 
lineage in the mitochondrial dataset. As this population is also geographically restricted to the Burrup 
Peninsula, we describe it as G. peninsularis sp. nov., based on the combined evidence. The remaining 
very small-bodied lineages we describe as G. micra sp. nov. 

The new species are diagnosable on the basis of morphology, colour and patterns of pale and dark 
spots. The revision of the G. punctata species complex adds seven new species to the western 
arid zone, and further establishes the Pilbara as the region with the highest gecko diversity and 
endemism in Australia. 

KEYWORDS: Gehyra fenestra, Gehyra fenestrula sp. nov., Gehyra macra sp. nov., Gehyra media sp. 
nov., Gehyra micra sp. nov., Gehyra peninsularis sp. nov., Gehyra polka sp. nov., Gehyra punctulata sp. 
nov., mtDNA, ND2. 
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INTRODUCTION 

The rock-dwelling spotted forms have proved as difficult 
to classify as the variegated tree-dwelling species. 

- F. J. Mitchell on Gehyra (1965, p. 302) 

Gehyra is a ‘taxonomist’s nightmare’... 

- M. King (1979, p. 376) 

Geckos of the genus Gehyra are among the most 
taxonomically confusing within the Australian 
herpetofauna owing to their conservative body form, 
widely varying characters within taxa, remote locations 
for many species complexes and poor preservation 
of colour patterns in museum specimens (King 1983; 
Sistrom et al. 2009, 2014; Doughty et al. 2012, 2018; 
Kealley et al. 2018). Recently, progress has been made 
resolving the affinities of Gehyra to other gekkonine 
geckos (Heineke et al. 2011; Gamble et al. 2012; Sistrom 
et al. 2014) and delimiting species boundaries (Horner 
2005; Sistrom et al. 2009, 2013; Oliver et al. 2010, 2016; 
Doughty et al. 2012, 2018; Hutchinson et al. 2014). 
As King (1983) pointed out 35 years ago, taxonomic 
progress on Gehyra has been particularly hindered 
by the loss of colour patterns in preservative and that 
‘too few specimens from too few localities have been 
examined’ (p. 739). 

The wide variation within recognised forms has 
characterised work on Gehyra throughout its history. 
In a taxonomic treatment of the genus in Australia 
over 50 years ago, Bustard (1965a) noted the wide 
range of variation within G. australis Gray, 1845 and 
G. variegata (Dumeril & Bibron, 1836), concluding 
that, despite this variation, the two taxa were indeed 
full species and not mere subspecies as asserted by 
Mitchell (1955) (n.b. no mention was made of G. dubia 
[Macleay, 1877], indicating Bustard was unaware of 
this name). In the late 1970s and early 1980s, work 
on documenting the karyotypes of widely distributed 
Gehyra taxa in Australia by King and Moritz began to 
reveal the true confusion in the genus and resulted in 
many species descriptions (reviewed in King 1979, 1983; 
Moritz 1986; Sistrom et al. 2009, 2013). Based on widely 
varying karyotypes across the region, new species were 
erected to accommodate several chromosomally and 
morphologically divergent populations, i.e. G. nana 
Storr, 1978, G. montium Storr, 1982, G. purpurascens 
Storr, 1982, G. pamela King, 1982a, G. minuta King, 
1982b, G. borroloola King, 1984a, G. robusta, King, 
1984a and G. occidentalis King, 1984b, including the 
resurrection of G. dubia. In addition, other distinctive 
forms were also described based on morphology, i.e. 
G. catenata Low, 1978 and G. xenopus Storr, 1978. 
After this active period in Gehyra systematics, no 
further species were recognised for over 20 years 
until the description of G. koira Horner, 2005 (with 
two subspecies, koira and ipsa) based on morphology. 
Recent work drawing from combined genetic and 


morphological data has resulted in many new species 
descriptions from the Australian Monsoonal Tropics 
(Doughty et al. 2012, 2018; Oliver et al. 2016; Bourke et 
al. 2017) and Central Ranges (Hutchinson et al. 2014), 
and the first proper descriptions of G. lazelli Wells & 
Wellington, 1983 (Sistrom et al. 2009) and G. kimberleyi 
Borner & Schuttler, 1983 (Oliver et al. 2016). 

One of the most recalcitrant groups within Gehyra is 
the G. punctata (Fry, 1914) species complex from the 
Pilbara, Gascoyne and eastern Murchison regions of 
Western Australia (WA), and sometimes reported from 
the southern Kimberley (Storr et al. 1990; Wilson & 
Swan 2008; but see King 1981; Doughty et al. 2018). 
In his assessment in the 1910s of collections from the 
Western Australian Museum (WAM), Fry originally 
described this taxon as a ‘variety’ of G. variegata based 
on a small female from the ‘Strelley River, Pilbara’ that 
corresponded with Central Ranges specimens from the 
Horn Expedition (see Ellis et al. 2018) stating that: ‘In 
all structural characters it agrees with the variable P. 
[Peropus] variegatus, but the color pattern is so different 
that I propose to distinguish it under the varietal name 
of punctatus ’ (p. 178). He then went on to describe 
in a few sentences the ‘russet brown’ colouration 
marked with many spots to distinguish it from Peropus 
variegatus variegatus (i.e. G. variegata and the eastern 
G. versicolor Hutchinson, Sistrom, Donnellan & 
Hutchinson, 2014). Zietz (1920) later synonymised 
punctata with variegata, only for this to be reversed by 
Loveridge (1934), who retained punctata as a subspecies 
of G. variegata, and also considered its distribution 
to be restricted to Western Australia (excluding the 
Central Ranges). In a comment on a nomenclatural 
note on Gehyra, including G. punctata, by Chrapliwy 
et al. (1961), Bustard (1965b) raised this taxon to full 
species status based on his collections of sympatric G. 

‘variegata ’ (= G. versicolor or G. montium ) on trees 
and G. ‘ punctata ’ (= G. minuta, G. moritzi Hutchinson, 
Sistrom, Donnellan & Hutchinson, 2014 or G. pulingka 
Hutchinson, Sistrom, Donnellan & Hutchinson, 2014) 
on rocks in central Australia, believing G. punctata 
occurred as far as northern Queensland (n.b. his detailed 
treatment of Gehyra mentioned in Bustard [1965a, b] 
was never published, possibly owing to the appearance 
of Mitchell’s own detailed revision published later that 
year). 

In a review of the genus that emphasised osteological 
differences, Mitchell (1965) redescribed all Australian 
forms recognised at that time, including G. punctata. 
Unfortunately, he could not examine the type specimen 
as it could not be located by the staff of the WAM or the 
Australian Museum, Sydney (AMS) when searching 
through material that Fry likely consulted (Mitchell 
1965, pp. 301-302; n.b. Fry died in World War I shortly 
after the publication of his 1914 work; Adler 2007). 
When focussing on material from the Pilbara region 
in WA, Mitchell found evidence for four species: G. 
variegata, G. punctata, G. fenestra Mitchell, 1965 
and G. pilbara Mitchell, 1965, the latter two of which 
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he described as new species in his review. Key to 
Mitchell’s concept of Fry’s G. punctata was that it was 
a small-bodied species, based on Fry’s statement that 
‘in all structural characters it agrees with the variable 
P. variegatus ’ (p. 178, and also quoted by Mitchell 1965, 
p. 303). Despite presenting data that G. fenestra was 
larger than G. punctata (mean snout-vent length [SVL] 
of 61 vs. 46 mm, respectively) and had a more strongly 
depressed head and body, Mitchell found that many 
characters overlapped between the two taxa, stating 
‘.. .the present study clearly indicates that no characters 
can be employed as absolute criteria for species 
identification...’ (p. 308). Based on the material listed 
for G. punctata and also the map shown in his fig. 10, it 
is clear that this taxon included other species from the 
Shark Bay area in WA and also the Northern Territory. 
He also cited ecological differences from collectors’ 
notes indicating that G. ‘‘punctata’’ had been collected 
from under rocks adjacent to rocky pools whereas G. 
fenestra had been collected from boulders and crevices 
(p. 303). Thus, although acknowledging outstanding 
issues in the delimitation of species boundaries between 
the two taxa, he stood by the osteological differences he 
found, particularly a single fenestra in the pubis of his 
small-bodied ‘ punctata ’ and two in fenestra (hence the 
specific name), and differences in the mesosternal ribs. 

After Mitchell’s (1965) revision, most small-bodied 
Gehyra with a reddish background colour, spots and 
an association with rocks had been referred to as G. 
punctata, including those from the northern tropics 
from the Kimberley to Queensland, and also the 
Central Ranges. Workers in the 1970s and 1980s left 
the Pilbara region and its reddish, spotted forms of 
Gehyra relatively uninvestigated, and instead focussed 
on describing forms elsewhere (see above). However, 
the two species of reddish-brown spotted Gehyra from 
the Pilbara were synonymised by Storr (1982) in his 
description of G. purpurascens and G. montium from 
the Central Ranges. The reddish, spotted G. montium 
presumably had been previously referred to G. punctata 
as early as Fry’s 1914 publication and so necessitated 
a redescription (although recent work has found the 
Central Ranges to contain several more Gehyra species, 
as well as discovering that G. montium extends across 
the western deserts and is widespread in the Pilbara 
[Sistrom et al. 2013; Hutchinson et al. 2014; Kealley et 
al. 2018]). Without commenting on the type specimens 
of either taxa, Storr (1982) synonymised G. fenestra 
with G. punctata based on an overlap of characters, 
concluding his characteristically brief paper with: ‘I 
suspect that Mitchell’s concept of G. punctata was partly 
based on Pilbara specimens of G. variegata and/or G. 
pilbara. At any rate I believe that only three species of 
Gehyra occur in the Pilbara’ (p. 59). 

Recently, however, R.J. Ellis reidentified the 
specimens in the WAM collections that were loaned to 
Fry in the 1910s, including the female specimen that Fry 
(1914) referred to as the ‘type’ (see detailed account in 
Ellis et al. 2018). As Fry also referred to an illustration 


of a spotted gecko from the Horn Expedition to the 
Central Ranges in his description, this necessitates a 
lectotype designation as the specimen upon which 
the illustration is based constitutes a second syntype 
in addition to the rediscovered female in the WAM 
collection. Although the sub-adult female syntype is 
in quite poor condition, it is recognisable as the large¬ 
bodied form of G. punctata from the Pilbara (Ellis et 
al. 2018). Coupled with examination of the G. fenestra 
types, which are in reasonable condition, this has greatly 
facilitated assignment of names to the G. punctata 
species complex. See the Taxonomy section below and 
Ellis et al. (2018) for resolution of the type specimens of 
G. punctata and G. fenestra. 

Despite the confusion in the past, new collections 
of Gehyra from the western rocky areas of the Pilbara 
and regions to the south have resulted in an increase in 
material to assess Gehyra diversity from this area. In 
particular, environmental impact assessments carried 
out by biological consultants required for mining 
proposals and the WA Department of Environment 
& Conservation’s (now Department of Biodiversity, 
Conservation & Attractions) Pilbara Biodiversity 
Survey (PBS) (McKenzie et al. 2009; Doughty et al. 
2011) resulted in the collection of a large series of G. 
punctata sensu lato specimens, most of which had tissue 
samples taken for genetic analysis. Therefore it is timely 
to reassess the status of the many forms of G. punctata 
from the region using evidence from morphology, 
mtDNA, distribution and habitat preferences. We also 
draw on a recent phylogenomic analysis of Gehyra 
(Ashman et al. 2018) and an unpublished pilot study 
using allozyme electrophoresis (M. Adams and P. 
Doughty, unpublished data). The combined genetic and 
morphological evidence indicates that G. punctata as 
currently conceived is paraphyletic, with two major 
clades: one with four larger-bodied species and one 
small-bodied species, and a second clade with three 
smaller-bodied species, resulting in the description of 
seven new species from the Pilbara region herein. 

METHODS 

APPROACH AND MATERIAL EXAMINED 

We undertook an integrated approach and used both 
morphological and genetic data to determine species 
boundaries within the G. punctata species complex 
based on recently collected specimens from the Pilbara 
and rocky regions to the south, including the eastern 
Gascoyne, eastern Murchison and Yalgoo bioregions 
(Thackway and Cresswell 1995). We initially grouped 
specimens into several different morphologies, then 
ran select specimens for allozyme profiles in the mid- 
2000s (M. Adams and P. Doughty, unpublished data). 
The resulting groups recovered from the allozyme 
analysis then guided further mtDNA sequencing and 
morphological examinations. New specimens and tissues 
for genetic analyses were integrated into the revision, 
and recently the missing type of Fry was located to help 
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resolve the application of names. Preliminary mtDNA 
phylograms generated by Sistrom et al. (2013) and for 
this study informed the study of Ashman et al. (2018), 
who drew samples from within mtDNA lineages and 
used exon capture techniques to carry out a detailed 
phylogenomic assessment of nearly all Gehyra species 
that firmly established independently-evolving lineages. 
Similar to Kealley et al. (2018), we use the findings 
of Ashman et al. (2018) based on few individuals per 
lineage and coupled them with our expanded mtDNA 
sampling to provide sufficient genotyped specimens for 
morphological analyses and for mapping distributions. 

Almost all specimens examined had tissue samples 
taken and some were photographed during specimen 
preparation to document the dorsal colours and patterns 
that typically fade in preservative. Most specimens are 
from the WAM collections, supplemented by tissues 
from the South Australian Museum, Adelaide (SAMA) 
and the Museum and Art Gallery of the Northern 
Territory (NTM). Appendix 1 lists specimens examined, 
and whether their mtDNA, allozymes, nDNA and/or 
morphology were analysed. 

MITOCHONDRIAL DNA 

Taxonomic sampling, DNA extraction and PCD 

We sampled from within the groups identified through 
the allozyme analysis, and sequenced 178 samples 
variously identified as G. punctata and G. pilbara for the 
mtDNA NADH-hydrogenase subunit 2 gene ( ND2 ). In 
addition, we supplemented these samples with 83 mtDNA 
data from other studies (Sistrom et al. 2009; Pepper et al. 
2013; J. Huey and P. Doughty, unpublished data). 

DNA was obtained from the allozyme homogenates 
for new samples in this study using the EDNA 
HiSpEx tissue kit (Chaga) following the manufacturers 
protocol. The ND2 region was amplified and sequenced 
in three overlapping fragments, using the forward 
primer L4437 (5’-AAGCTTTCGGGGCCCATACC-3’; 
Macey et al. 1998) and the reverse primer tRNA Asn 
(5 ’-CTAAA ATRTTRCGGGATCGAGGCC-3 ’; 
Read et al. 2001). A modified version of L4882 
(5’-CAACCTGACAAAAAHTHGCMC-3’; Macey et al. 
2000) was used as an internal sequencing primer. 

PCR amplification was performed in a 25 pi reaction 
mix consisting of 12.5 pi GoTaq (Promega), 10.5 pi double 
distilled water, 1.0 pi of both forward and reverse primers 
(10 pmol) and 1.0 pi of template DNA. Amplification of 
the fragment was conducted using a Corbett PC-960C 
cooled thermal cycler with an activation step at 94°C for 
3 min, followed by 37 cycles of denaturation at 94°C for 
30 s, annealing at 60°C for 30 s, and extension at 72°C 
for 60 s followed by a final extension step at 72°C for 10 
min. Approximate concentration and size of amplification 
products was determined by electrophoresis in a 2% 
agarose gel stained with 5.0 ul SYBR Safe (Invitrogen) 
and visualised under ultra-violet light. Target products 
were purified using 0.4 pi Exonuclease I, and 1.6 pi 
shrimp alkaline phosphatase (exo/SAP). 


Cycle-sequencing reactions were performed in 
reaction volumes of 20 pi, consisting of 1.0 pi BigDye 
(Applied Bio-systems), 4.5 pi of 5X sequencing buffer, 
0.32 pi Primer (10 pmol), 12.5 pi double distilled water 
and 1.0 pi purified PCR product. To precipitate sequence 
products and to remove all unincorporated nucleotides, 
40 pi of cold 100% ethanol and 3pl of NaOAc was added 
to each sample and left for 15 min at room temperature. 
Precipitated DNA was pelleted by centrifuging for 30 
mins and washed three times in 150 pi of 70% ethanol 
with a 10 min centrifuge step. Pellets were dried before 
being dissolved in 20 pi of HiDi formamide and run on 
an ABI 3100 auto-sequencer. All genes were sequenced 
from both 3’ and 5’ ends separately. Sequences were 
edited and assembled using Sequencher 3.0 (Genes 
Codes Corporation). Alignment of sequences was first 
performed automatically using the software MUSCLE 
(Edgar 2004), then refined by eye in Se-Al (Rambaut 
1996). Protein-coding regions were translated into 
amino acid sequences using the vertebrate mitochondrial 
genetic code or universal nuclear genetic code and 
were checked for internal stop codons and frame-shift 
mutations. 

Phylogenetic analyses 

Each edited alignment comprised 1,044 characters 
for 261 individuals. We used PartitionFinder (Lanfear 
et al. 2012) to determine the best partitioning strategy 
for the mtDNA locus, whereby codon positions one 
and two were considered together, and codon three 
was partitioned separately. Maximum likelihood 
(ML) estimation of the phylogeny of the dataset was 
performed in RAxML, v.7.0.4 (Stamatakis 2006). 
The data were analysed under the Generalized Time 
Reversible model of sequence evolution (variable base 
frequencies, and a symmetrical substitution matrix) 
(Rodriguez et al. 1990), and with an across site rate 
variation modelled to a Gamma distribution (GTR+T). 
The best ML tree was determined using 20 distinct 
randomised Maximum Parsimony (MP) starting trees. 
Support values were estimated from 1,000 bootstrap 
replicates, with bootstrap values above 80 considered as 
strong support. In our summary phylogram (Figure 1) 
we present a reduced subset of specimens for legibility. 
Appendix 1 provides details of all specimens sequenced 
that we used to generate distribution maps and to 
identify individuals for morphological analyses. 

MORPHOLOGY 

Individuals for which we had allozyme profiles were 
initially chosen as the core group of samples with which 
to establish morphological boundaries among taxa 
and to choose further samples for mtDNA analysis. 
Specimens examined are in the type lists under species 
accounts and Appendix 1. 

Morphological characters (Table 1) were measured 
with digital calipers to the nearest 0.1 mm, except SVL 
and TailL that were measured with a rule to the nearest 
0.5 and 1.0 mm, respectively. Scale counts (e.g. labial 
scales, subdigital lamellae) were also scored and we 
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FIGURE 1 Phylogram of the Gehyra variegata group and related species focussed on the G. punctata species complex based 
on the mitochondrial gene ND2. Numbers above or on the left of nodes on the tree refer to ML bootstrap support 
values from the RAxML analysis; indicates values < 50. 
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followed the terminology for scales around the tip of 
the snout in Sistrom et al. (2009; fig. 6, p. 24), except 
for modification of Hutchinson et al. (2014) to refer 
to the ‘postmentals’ as inner chin shields, and to the 
‘sublabials’ as parinfralabials as suggested by King 
(1982b). Notes on reproduction for males and females 
were also made, but few females were gravid. Live or 
moribund photographs of vouchered specimens (or 
unvouchered based on geography) were used for the 
description of colour and patterns. 

SPECIES CONCEPT EMPLOYED 

Australian Gehyra pose a taxonomic challenge in 
that intraspecific morphological variation is often high 
and interspecific differences subtle. The availability of 
large samples across the Pilbara and adjacent regions 
has allowed us to identify putative phylogenetic signal 
from widely overlapping phenotypic differences. 
However, recognition of species-level taxonomic units 
was also guided by the unpublished allozyme data set 
and mtDNA phylograms. In addition, we drew from an 
extensive phylogenomic analysis of Australian Gehyra 
(Ashman et al. 2018), which recovered with high support 
all the lineages described as new species here. Thus 
we have employed an integrative taxonomic approach 
(Padial et al. 2010), whereby we base taxonomic 
decisions on multiple lines of evidence. 

We here employ a general lineage-based species concept 
(Frost and Hillis 1990; Frost et al. 1992; Mayden 1997; de 
Queiroz 1998, 2007) and treat as species those entities that 
clearly represent independent historical lineages based 
on two or more lines of evidence. In practical terms, we 
have focussed on the operational criteria that permit us 
to infer independently-evolving lineages (Wiens and 
Penkrot 2002; Sites and Marshall 2003, 2004; Bauer et 


al. 2006; Camargo and Sites 2013). Such criteria may be 
either tree-based or character-based and we employ both 
approaches in this paper, basing our taxonomic decisions 
on the conjunction of data from mtDNA phylograms, 
the phylogenomic analysis of Ashman et al. (2018), the 
unpublished pilot allozyme analysis and diagnostic 
morphological traits. Although distribution patterns 
alone should not be used in erecting initial hypotheses of 
species boundaries, geographic concordance with other 
evidence of lineage independence may be corroborative 
of taxonomic decisions based on tree- and character-based 
delimitations (Bergmann and Russell 2007). When there 
was conflict among datasets, we weighed up the total 
evidence to arrive at a taxonomic conclusion. Owing 
to the difficult nature of working with the G. punctata 
species complex, we have taken a conservative approach 
in naming species, electing to recognise species for which 
there was strong support from multiple lines of evidence, 
despite some conflict between datasets. The most difficult 
choice was the recognition of G. peninsularis sp. nov. 
(lineage C on Figure 1), as this was recovered inside G. 
micra sp. nov. (lineage B) in the mtDNA data, yet in the 
nDNA analysis of Ashman et al. (2018) it was recovered 
as the sister of G. media sp. nov. (lineage A) + G. micra 
sp. nov. However, owing to consistent morphological 
differences and geographic isolation, the balance of 
evidence indicated this was a species. 

This revision greatly stabilises the taxonomy of this 
species complex by applying names to lineages recovered 
from the robust genetic and morphological analyses. 
Future work will be able to further analyse diversity 
within some of our species units such as G. micra sp. nov., 
as this taxon possesses complex phylogenetic structure 
but for which there are few morphological characters to 
distinguish them from other species at present. 


TABLE 1 Morphological characters measured on Gehyra punctata species complex specimens. 


Abbreviation 

SVL 

TailL 

HeadL 

HeadW 

HeadD 

LegL 

SupLab 

InfLab 

SupNas 

Notched infralabial 

4TLam 

PCP 


Definition 

Snout-vent length: from tip of snout to anterior edge of cloaca. 

Tail length: from cloaca to tail tip; original or regenerated tails noted. 

Head length: from tip of snout to edge of retroarticular process of upper jaw; caliper held at oblique angle. 
Head width: widest part of head, measured behind eyes. 

Head depth: deepest part of head behind eyes, with caliper on lower jaw bones. 

Leg length: length of lower leg measured from heel to knee with leg at right angle. 

Number of supralabial scales, defined as being larger than surrounding scales on head. 

Number of infralabial scales, defined as being larger than surrounding scales on head. 

Suprnasal scales: scored whether in contact or separated by internasal scales. 

Scored which InfLab (2nd or 3rd) if posterior edge of InfLab was notched when contacted by 
parinfralabial scale. 

Fourth toe lamellae: number of expanded lamellae, excluding triangular-shaped wedge at tip. 
Pre-cloacal pores: counted if pore perforated, usually yellowish (dimpled scales not counted). 
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• Gehya punctata 
A Gehyra macro sp. nov. 

■ Gehyra punctulata sp. nov. 
A Gehyra polka sp. nov. 

0 50 _100 N 

kilometres ^ 


INDIAN OCEAN 


PORT HEDLAND 


MOUNT MAGNET 


BIOREGION 


W A 


KALGOORLIE 


FIGURE 2 Distribution of the large-bodied members of the Gehyra punctata species-group in the Pilbara and regions to the 
south in Western Australia based on individuals with mtDNA genotyping or allozymes: G. punctata, G. macra sp. 
nov., G. punctulata sp. nov. and G. polka sp. nov. 


RESULTS 

MITOCHONDRIAL DNA 

Our analysis of mtDNA recovered many groups 
that corresponded to the allozyme groups from the 
initial pilot study, as well as many other described 
taxa, including those in other recent Gehyra studies 
(Figure 1; Ashman et al. 2018; Kealley et al. 2018; 
Moritz et al. 2018). A conspicuous feature of the 
phylogram was the recovery of two major clades that 
roughly consisted of small and large-bodied forms of G. 


punctata s.l. and other closely allied taxa, confirming 
that G. punctata as presently conceived is paraphyletic 
with several cryptic lineages within each clade. 

The larger-bodied G. punctata clade, henceforth the 
‘G. punctata species-group’ had three major clades 
within it: a Pilbara craton clade (lineages H + I), a 
clade south of the Pilbara (lineages J + K) and another 
with a small body size and restricted distribution 
in the southeast Pilbara near Newman (lineage L) 
(Figures 2-3). The Pilbara craton clade had specimens 
that corresponded to the type of Fry’s G. punctata , 


















8 


PAUL DOUGHTY, AARON M. BAUER, MITZY PEPPER AND J. SCOTT KEOGH 



FIGURE 3 Distribution of the small-bodied members of the Gehyra punctata species complex in the Pilbara in Western 
Australia based on individuals with mtDNA genotyping or allozymes: G. media sp. nov., G. micra sp. nov., 
G. peninsularis sp. nov. (the G. media species-group) and G. fenestrula sp. nov. (part of the G. punctata 
species-group). 


i.e. lineage I, to which we refer that species name. 
In addition, there was an even larger-bodied form 
within this clade that was restricted to the northern 
Pilbara (lineage H). This large-bodied form was the 
sister lineage to G. punctata. The southernmost clade 
(lineages J + K) ranged as far south as Yalgoo at 
~28°S latitude and approximately 200 km inland from 
Geraldton on the west coast, and this clade showed 
significant genetic structuring among some populations. 
However, two major monophyletic groupings within 
the southern clade corresponded with geography and 
dorsal patterning (see below). The Newman lineage 
(lineage L) is sister to all other large-bodied lineages, 
with individuals from this clade reaching only small to 
moderate sizes. 

A weakly divergent small-bodied clade, henceforth 
the ‘G. media species-group’, comprises two major 
groups and is sister to a different group of small-bodied 
species in the arid clade of the G. variegata group that 
included G. variegata, G. pilbara, G. montium and G. 
versicolor (Figure 1; Kealley et al. 2018). The two major 
groups within this lineage showed different levels of 
genetic structure within them, with one (G. media sp. 
nov., lineage A) being fairly uniform (corresponding 


to a lineage with moderate-sized individuals) and one 
(G. micra sp. nov., lineage B + G. peninsularis sp. nov., 
lineage C) with significant structure (with mostly small 
body sizes), including a geographically restricted form 
from the Burrup Peninsula on the northern Pilbara coast 
(Figure 3). 

Both the G. punctata and G. media species-groups, 
plus the G. variegata species-group (Hutchinson et al. 
2014; Kealley et al. 2018) were sister to the nana clade, 
i.e. saxicoline species from the Australian monsoonal 
tropics (Moritz et al. 2018). 

MORPHOLOGICAL ANALYSES 

Examination of specimens assigned to the various 
groups based on the mtDNA data presented here, 
along with the unpublished allozyme and the recently 
published tree based on large numbers of nDNA 
exon captures (Ashman et al. 2018), resulted in the 
recognition of several morphological characters such 
as the configuration of scales on the underside of the 
chin and various pattern elements that could be used 
to diagnose taxa (Table 2 and species accounts in the 
Taxonomy section, below). As the two available names 
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FIGURE 4 Image of Gehyra macra sp. nov. (WAM R162688) (upper) and G. media sp. nov. (holotype, WAM R162687) 
(lower), collected from the same outcrop in the northern Pilbara (Photo: P Doughty). 


(i.e. punctata and fenestra ) refer to the same taxon, 
here we review the morphological characters that differ 
among G. punctata s.l. taxa described here. 

Based on the rediscovery of Fry’s syntype of Peropus 
variegatus punctatus and its resemblance to the large¬ 
bodied common form in the Pilbara (see Ellis et al. 
2018 for a detailed treatment), we interpret this name 
to apply to the widespread large-bodied form on the 
Pilbara craton, i.e. lineage I of Figure 2. Mitchell 
(1965) proposed the name G. fenestra for this species 
and provided a detailed diagnosis and description in 
his revision. This form is morphologically distinctive 
owing to its large body size, pattern elements made up 
of a solid dark bar or spot (anterior) joined to a solid 
or broken pale bar or spot (posterior) scattered on the 
dorsum and its crevice-dwelling habits, usually being 
found around boulders and on vertical rock faces. 

Within the G. punctata species-group, there were four 
other lineages. The northern lineage (G. macra sp. nov., 
lineage H) had very large body size (up to 73.5 mm 
SVL - the largest of any species within the arid clade of 
the G. variegata group) and more numerous subdigital 
lamellae (up to 10) than all other taxa. This lineage was 
confined to the northern Chichester subregion of the 
Pilbara and was parapatric with respect to G. punctata 
and syntopic with the smaller-sized species from the G. 
media species-group (Figures 2-3), even occurring on 
the same rock outcrops (Figure 4). Although evidence 
from mtDNA show this large-bodied form has only 
recently diverged from G. punctata, the differences in 
allozymes (unpublished data) and morphology, coupled 
with the observations of parapatry or sympatry, indicate 
it is an independently evolving lineage. The study of 
Ashman et al. (2018) also identified this lineage as a 
distinct species. 


The two southern lineages of the G. punctata species- 
group were similar to G. punctata but differed in their 
dorsal patterns by having clearly separated dark and 
pale spots vs. a pattern with the dark (anterior) and pale 
(posterior) bars or spots in contact. The two southern 
species were further separable on the relative size of the 
spots, with the eastern inland lineage (lineage K) having 
large spots, whereas the lineage to the west and north 
(lineage J) had smaller spots. These two species tended 
to be smaller than G. punctata and possessed differences 
in scalation as well (Table 2, Appendix 2). We describe 
these forms as G. punctulata sp. nov. for the fine-spotted 
form and G. polka sp. nov. for the form with larger spots. 

In the mtDNA phylogram of the G. punctata species- 
group was a distinct basal lineage (lineage L) with small 
body size with most specimens from the Hamersley 
Range near the town of Newman in the southwest 
Pilbara (Figure 3). This form was morphologically 
similar to several other species in the G. punctata 
species complex but differed subtly in pattern and was 
clearly genetically distinctive based on the mtDNA 
presented here, the allozyme pilot study data (where it 
constituted a unique group) and the study of Ashman 
et al. (2018). We also describe this lineage as a new 
species, G. fenestrula sp. nov. 

The mtDNA analyses also found two lineages of the 
G. media species-group that were more closely related 
to common and widely distributed members of the 
arid zone G. variegata group such as G. variegata, G. 
pilbara and G. montium, which also occur in the Pilbara. 
Similar to the G. punctata species-group, individuals 
of the two mtDNA lineages possessed a reddish-brown 
background colour overlain with dark and pale spots or 
bars but tended to have smaller body sizes and narrower 
snouts. In addition, these forms were usually collected 
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among small rocks or scree and were rarely found on 
boulders or vertical rock faces, supporting Mitchell’s 
(1965) observations of the small-bodied form (his G. 
punctata ) on the ground among small rocks and the 
large-bodied form (his G. fenestra ) preferring vertical 
crevices among boulders and outcrops. 

Within the G. media species-group, the lineage 
(lineage A) with moderate body size was relatively 
uniform genetically in the mtDNA data (Figure 1) and 
had a dorsal pattern of discrete dark and pale spots that 
tended to not be in contact, and regularly spaced. We 
describe this form largely from the northern Pilbara as 
G. media sp. nov. The other group was even smaller in 
size with the background pattern featuring more bars 
in alternating rows and contact among dark and pale 
elements. There was considerable structure within this 
group in the mtDNA data and nDNA data of Ashman et 
al. (2018). One lineage (lineage C) within this clade was 
restricted to the Burrup Peninsula area near Karratha 
and possessed a more elongate body than other lineages. 
In addition, Ashman et al. (2018) recovered the Burrup 
Peninsula lineage as basal to all other G. media species- 
group lineages, supporting its distinctiveness. Therefore, 
we describe this lineage as G. peninsularis sp. nov., with 
the remaining lineages described as G. micra sp. nov. 
(lineage B). 

TAXONOMY 

Genus Gehyra Gray, 1834 

TYPE SPECIES 

Gehyra pacifica Gray, 1834 (= Gehyra oceanicus 
[Lesson, 1830]), by monotypy. 

Gehyra punctata (Fry, 1914) 

Spotted Pilbara Rock Gehyra 
Figures 5, 7 

Peropus variegatuspunctatus Fry, 1914: 178. 

MATERIAL EXAMINED 
Lectotype 

Australia: Western Australia: WAM R176100 
(formerly 9879; subadult female), ‘Strelley River, 
Pilbara’ WA 20°33'S, 119°00'E], J.B. Cleland, collection 
date unknown, presumably 1907, here designated. 
As noted in the introduction of this paper and in 
Ellis et al. (2018), there has been confusion regarding 
the identity of Gehyra punctata virtually since its 
description. A century of subsequent research has 
led to the recognition that spotted Gehyra from the 
Pilbara and other rocky regions from the Australian 


arid zone represent many different species that share 
a superficially similar phenotype, especially with 
respect to colouration and the presence of dark and 
pale spots on the dorsum. This has been exacerbated 
by the inability of several recent workers to locate 
the Strelley River specimen cited by Fry (1914), and 
by oversight of the fact that a specimen illustrated in 
Lucas and Frost (1896, p. 124, pi. IX, figure 3) also 
constitutes part of the type series. The latter specimen, 
collected on the Horn Expedition, appears to represent 
the taxon presently recognised as G. moritzi Hutchinson, 
Sistrom, Donnellan and Hutchinson, 2014, and may 
correspond to NMV D268, although the illustration 
appears to be a somewhat idealised representation if it, 
is indeed based on this specimen (see Ellis et al. 2018). 
In order to stabilise the application of the name G. 
punctata and permit its comparison with the many other 
spotted congeners from the Pilbara, including many 
named as new in this paper, we hereby select WAM 
R176100 as the lectotype of G. punctata. This results 
in the application of the name to the specimen actually 
examined by Fry. Ellis et al. (2018) provide a detailed 
explanation of the history of the specimens that have 
been associated with this taxon, and include photographs 
of the lectotype, now in a poor state of preservation. 

Paralectotype 

Australia: Northern Territory: Specimen illustrated 
in figure 3 on pi. IX, p. 124, Lucas and Frost 
(1896); possibly corresponding to NMV D268 in the 
herpetological collection of Museum Victoria. Collected 
from the Central Ranges on the Horn Scientific 
Expedition. See explanation above for lectotype 
designation. 

Synonymy, Storr (1982): 

Gehyra fenestra Mitchell, 1965 
Holotype 

Australia: Western Australia: WAM R20199, ‘adult 
male, rock crevice near summit of Mt. Herbert’ (p. 307) 
(estimate: ~21.33°S, 117.22°E), by F. J. Mitchell and W.H. 
Butler on 25 July 1958. 

Paratypes 

Australia: Western Australia: WAM R20198, ‘roof 
of cave near Tambrey Homestead’; WAM R20200, 
‘under rock, Big Hill Pool’; WAM R20201, ‘rocks on 
table-land behind Tambrey Homestead’; WAM R20202, 
‘under rocks on the side of Mt. Herbert’; SAMA R496, 
‘under rocks on the side of Mt. Herbert’; SAMA R4597, 
R4601-2, ‘3 specimens from table-land behind Tambrey 
Homestead’; SAMA R4600, ‘summit of Mt. Herbert’. 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV, a cutaneous 
fold along the posterior margin of the hindlimb and the 
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FIGURE 5 Images in life of the large-bodied members of the Gehyra punctata species-group: A) G. punctata - Burrup 
Peninsula, Western Australia (Photo: B. Maryan); B) G. punctata- Red Hill Station, Western Australia (Photo: 
R.J. Ellis); C-D) G. macra sp. nov. - Indee Station, Western Australia (Photo: R.J. Ellis); E) G. punctulata sp. 
nov. - Callytharra Springs, Western Australia (Photo: G.M Shea); F) G. punctulata sp. nov. - Butcher's Track, 
Muggon Station, Western Australia (Photo: B. Maryan); G) G. polka sp. nov. -Walga Rock, Western Australia 
(Photo: B. Maryan); H) G. polka sp. nov. - Mt Augustus, Western Australia (Photo: R.J. Ellis). 
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presence of transversely widened subcaudal scales. 
Distinguished from other Australian Gehyra by 
possession of moderate body size (up to 65 mm SVL), 
gabled rostral, upper postnasal 1/3 the size of lower, 
9-12 supralabials, first supralabial narrower and taller 
than second, mental length short often with concave 
sides where in contact with first infralabial, two pairs 
of chin shields, inner chin shield in contact with 
second infralabial, first parinfralabial encroaching on 
posterior edge of third infralabial; subdigital lamellae 
on fourth toe 7-8, lamellae divided and without basal 
wedge of granules; background colour reddish-brown 
with markings consisting of dark (anterior) and pale 
(posterior) bars or spots usually in contact (or narrowly 
separated), occasionally forming transverse bars; 
canthal, loreal, temporal and upper post-orbital stripes 
usually present, post-orbital stripe variably expressed, 
often reduced to a spot, pale patch between canthal and 
loreal stripes near eye; original tails ringed by dark 
(anterior) and pale (posterior) bands; typically 11-15 
pre-cloacal pores in males. 

Further distinguished from other reddish-brown 
Gehyra from the region as follows. From G. fenestrula 
sp. nov., G. media sp. nov., G. micra sp. nov. and G. 
peninsularis sp. nov. by larger body size, broader 
snout, more pronounced jaw adductor muscles and 
first parinfralabial in contact with third (not second) 
infralabial; from G. macra sp. nov. by smaller body 
size, fewer subdigital lamellae and pre-cloacal pores, 
more reddish dorsum, and clearly demarcated markings 
comprised of dark (anterior) and pale (posterior) 
elements; from G. punctulata sp. nov. and G. polka sp. 
nov. by larger body size, first parinfralabial usually 
encroaching on posterior edge of third (not second) 
infralabial, and pale and dark elements of markings 
on dorsum in contact; from G. pilbara by larger body 
size, longer and broader snout, and larger markings 
on dorsum; and from G. montium by larger body size, 
absence of reticulations on dorsum and larger, more 
pronounced dark and pale markings. 

DESCRIPTION 

From series of recently collected specimens listed 
in Appendix 1. Body size medium (mean 59.3 mm 
SVL), habitus slightly robust, depressed dorsally, 
flat ventrally with defined ventro-lateral fold. Head 
depressed (HeadD = 38% HeadL), in profile snout 
long and eye over half the length of the snout, snout 
(interorbital/frontal region) almost straight (a slight 
convexity), canthus rounded and slightly raised 
forming shallow concavity in between canthal ridges, 
nostril region swollen; jaw adductor musculature robust 
and protruding laterally; in dorsal view, head widest 
behind eyes narrowing anteriorly to triangular snout 
with rounded tip; neck constricted to approximately 
4/5 maximum head width. Scales on top and sides of 
snout >3 times larger than crown and rest of body; 


scales in contact with nostril - rostral, supranasal, 2 
postnasals (upper one third the size of lower) and first 
supralabial; supralabials 9-12; infralabials 8-10; rostral 
strongly gabled dorsally, deeply furrowed medially, 
rostral crease 50-70% of height of rostral; internasals 
0-1; nostrils circular and directed dorsally and slightly 
posteriorly. Mental triangular, penetrating 1/3 between 
inner chin shields, sides of mental in contact with 
first infralabial usually concave; inner chin shields in 
contact with second infralabial; outer chin shield ~60% 
of height of inner chin shield with straight to rounded 
outer edge, in contact with second (occasionally 
third) infralabial, first parinfralabial and granules 
below parinfralabials; eye moderate, pupil oval with 
crenulated edges (3 scallops on each side); above and 
anterior to eye a projecting ridge and posterior-dorsal 
edge slightly covered by layer of skin; ear opening oval 
and oriented vertically. 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate. In males, pre-cloacal pores 
usually 11-15, arranged in a chevron with the apex 
pointing anteriorly; cloacal spurs 2-4 slightly enlarged, 
rounded and projecting scales on both sides of cloacal 
opening. 

Limbs short, moderately developed; projecting 
narrow claws present on all digits except digit I, claw 
projects above and beyond expanded toe pads, dorsal 
edge of toe pad with elongate row of scales forming a 
fringe; below digit a single row of 6-8 enlarged round 
to oval tubercles increasing in size towards toe pads, 
distal 2-3 divided; no conspicuous webbing between 
digits; subdigital lamellae divided, no wedge of 
granules at base, number on fourth finger 6 or 7, fourth 
toe 7 or 8. 

Tail long and thin, ovoid at body, tapering to a fine 
point; scales on dorsal surface of original tail ~2 x size 
of scales on body, flattened and arranged in regular 
rows; ventral scales of original tails enlarged and 
oriented transversely, scales on regenerated portion as 
for original but forming less regular rows on dorsal 
surface. 

Colouration. In life, rich reddish-brown background 
colour on dorsum; approximately eight rows of 
markings (from neck to hindlimbs), markings 
consisting of a dark (anterior) spot or short bar in 
contact with a pale spot or bar, occasionally markings 
connect forming transverse rows (Figure 7). Head as 
for body but dark spots smaller, canthal, loreal and 
temporal stripes moderately marked but variable in 
expression, usually a dark upper post-orbital stripe but 
lower absent or reduced to a spot; labials, rostral and 
lower sides of snout dark brown, hiatus of pigment on 
labial sutures; dorsal surface of limbs with smaller or 
more diffuse markings; tail ringed by dark (anterior) 
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FIGURE 6 Images in life of small-bodied species of the Gehyra punctata species complex - G. fenestrula sp. nov. from 
the G. punctata species-group, and the three members of the G. media species-group: A) G. fenestrula sp. 
nov. - 31.3 km east of Prarie Downs, Western Australia (Photo: G.M. Shea); B) G. fenestrula sp. nov. - 28 km 
east of Newman, Western Australia (Photo: B. Maryan); C) G. media sp. nov. -67 km south of Port Hedland, 
Western Australia (Photo: R.J. Ellis); D) G. media sp. nov. - Nanutarra Roadhouse, Western Australia (Photo: 
R.J. Ellis); E) G. micra sp. nov. - Ashburton Downs, Western Australia (Photo: G.M. Shea); F) G. micra sp. 
nov. -Wheelarra Hill, Western Australia (top -WAM R111845, bottom -WAM R11846) (Photos: P Doughty); 
G) G. peninsularis sp. nov. - Burrup Peninsula, Western Australia (top - WAM R165748, bottom - WAM 
R165749) (Photos: P Doughty). 
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and pale (posterior) bands; venter pale with diffuse 
pigmentation; infralabials, palmar and plantar surfaces 
and ventral surface of tail slightly darker; eye orange 
with dark pupil. In preservative, the reddish hues tend 
to be lost, and the markings less distinct. 

VARIATION 

Table 2 and Appendix 2 present variation in size 
and meristic characters, and Figure 7 shows a range 
of variation in dorsal patterns. The smallest male with 
fully expressed pre-cloacal pores was 52.0 mm SVL 
with 11 pores, with a likely subadult at 47.0 mm SVL 
with only 7 pores. Of 27 males, the lowest count was one 
individual with 9, otherwise the lowest was 11 (several 
males). Females with conspicuous eggs or enlarged 
follicles ranged from 48.0 mm to 58.5 mm SVL. 
Females lack pre-cloacal pores and enlarged cloacal 
spurs, but otherwise resemble males. 

Colouration varied from a rich reddish-brown to a more 
subdued brown, the spots on the dorsum occasionally 
connected to form transverse bars, and the dark and pale 
elements were sometimes not in contact - usually narrow 
but occasionally evenly spaced. Juveniles and subadults 
possessed darker and more contrasting markings to 
background colour. Coastal Pilbara and Barrow Island 
individuals had prominent bars as well as small spots. 
Canthal, loreal and temporal head stripes were somewhat 


variably expressed, with wider and darker parts and 
thinner and lighter parts within the same stripe. Post¬ 
orbital stripes were more variable: the lower post-orbital 
stripe was occasionally present, and connected to ear 
opening in some specimens; upper post-orbital stripe was 
occasionally absent, although spots sometimes joined 
above eye to form an irregular stripe. 

HABITAT AND ECOLOGY 

Gehyra punctata is commonly encountered on the 
vertical faces of large boulders on rocky outcrops in the 
Pilbara region. Figure 8 shows a typical rock face on 
which G. punctata commonly occurs. Collectors’ notes 
on the WAM database mention vertical rock faces, rock 
platforms, ironstone and granite outcrops, gorges, scree 
slopes, crevices and ‘under rock on rock’. Occasional 
entries mention creek banks and rarely on trees or shrubs. 
PBS site descriptions mention the following attributes: 
boulder slope to range, massive outcrop, scree slope under 
scarp, stone valley floor and skeletal clay and stones over 
massive duricrust on top of mesa. 

In the PBS, a large number of pitfall traps were deployed 
across the region to capture terrestrial vertebrates 
(McKenzie et al. 2009), and opportunistic searching 
at night for herpetofauna was also undertaken. It is 
interesting to note that very few G. punctata were 
captured in pitfall traps, whereas small-bodied members 



FIGURE 7 Variation among Gehyra punctata specimens. Scale bar = 10 mm. 
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FIGURE 8 Typical habitat of G. punctata in the Pilbara: vertical rock face with deep crevices near Pannawonica (Photo: R.J. Ellis). 


of the complex were trapped at much higher frequency in 
pitfall traps (Doughty et al. 2011). In contrast, searching 
for lizards with head torches at night on rocky ridges 
almost invariably resulted in large numbers of G. 
punctata seen and collected, with very few of the small¬ 
bodied G. punctata species complex members seen. 
This recent result mirrors the observations reported by 
Mitchell (1965) and reflect the preference of G. punctata 
to shelter in deep crevices on vertical rocks on cliff faces 
and boulder fields. 

DISTRIBUTION 

Generally confined to the Pilbara craton, except the 
northern portion of the Pilbara where it is replaced by G. 
macra sp. nov., with isolated populations in the western 
edge of the Little Sandy Desert. Also on Barrow Island 
(Figure 2). 

REMARKS 

In hindsight, Storr’s decision to synonymise G. 
fenestra (Mitchell’s large-bodied taxon) with G. 
punctata (believed by Mitchell to be the small-bodied 
form described by Fry) seems to be a case where wide 
variation in morphology resulted in a conservative 
application of a single name. However, previous workers 
could not have suspected the high numbers of Gehyra 
that occur in the Pilbara region at the time. Indeed, at 
the initiation of this project, we did not envisage so 


many species present in such a relatively small area, 
including the occurrence of G. montium as well as the 
species resembling G. vareigata described in Kealley et 
al. (2018). A problem in recognising the great diversity 
is the similar appearance of many of the species to 
each other, relative to G. variegata-\iks species - that 
is, reddish, spotted Gehyra associated with rocks. 
Gehyra can also be very variable in appearance within 
species (e.g. Sistrom et al. 2012; Hutchinson et al. 
2014; Doughty et al. 2018). The presence of so many 
similar-looking species in one area resulted in Storr 
taking a conservative stance, viewing G. ‘punctata’ as 
a variable species, ultimately deciding to collapse them 
in to a single taxon. In addition, further collections 
from the Pilbara have uncovered more specimens of the 
newer species, although almost all were represented in 
collections that Storr examined. 

As G. punctata is widespread throughout the Pilbara 
craton, including several national parks and nature 
reserves, and is abundant where it occurs, we regard it as 
being of least conservation concern. 

ETYMOLOGY 

Punctata means ‘small spots’. Fry would have been 
using this name in reference to the spotted pattern in G. 
punctata as opposed to the network of irregular lines in 
G. variegata and other arboreal species. 
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Gehyra macra sp. nov. 

Large Pilbara Rock Gehyra 
Figures 4, 5, 9 

urn:lsid:zoobank.org:act:01D323B0-89A4-4008-AC0F- 

D4E702D3A6CA 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R162703, 
an adult male collected from Baldy Rock (21.05°S, 
118.80°E), by P. Doughty, C.A. Stevenson, and P.G. 
Kendrick on 17 May 2006. 

Paratypes 

Australia: Western Australia: WAM R154517 (male), 
Yarrie Mining Camp (20.533°S, 120.233°E); WAM 
R156587 (male), (20.5488°S, 120.1681°E); R160096-7 
(males), WAM R160098 (female), 13 km southeast 
of Braeside (21.280°S; 121.096°E); WAM R162688 
(female), WARM R162701 (female), WAM R162702 
(male), as for holotype; WAM R173363 (males), Roy 
Hill Rail chainage 76, 65 km south of Port Hedland 
(20.9658°S, 118.6844°E); WAM R173364 (female) and 
WAM R173366 (male), Roy Hill Rail chainage 75, 67 km 
south of Port Hedland (20.9618°S, 118.6846°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb, and the presence of transversely widened 
subcaudal scales. Distinguished from Australian G. 
variegata group members by very large body size (to 
73.5 mm SVL), depressed body and head, relatively 
slender tail, moderately long and broad snout with 
swollen nostril region, robust jaw adductor musculature, 
strongly gabled rostral, upper postnasal half the size 
of lower, 0-1 internasals, first supralabial slightly 
taller and narrower than second, 9-10 supralabials, 
inner chin shields in contact with second infralabial, 
first parinfralabial encroaching on third infralabial, 
fourth finger lamellae 8-9, fourth toe lamellae 8-10, 
lamellae divided and lacking wedge of granules at 
base of toe, pre-cloacal pores in adult males 14-21; 
reddish to greyish-brown background colour, dorsal 
pattern variable, with scattered pale and dark spots, 
short transverse bars or blotches usually not in contact, 
slightly paler vertebral zone, canthal and loreal head 
stripes present but variable expressed, temporal head 
stripe short or reduced to a spot, post-orbital stripes 
absent. 

DESCRIPTION OF HOLOTYPE 

Body size moderately large (69.0 mm SVL) with 
robust habitus, depressed dorsally, flat ventrally with 
defined ventro-lateral fold. Head depressed (HeadD 


= 35% HeadL), in profile snout moderately long and 
almost half as long as eye, snout (interorbital/frontal 
region) straight, canthus broadly rounded and slightly 
raised forming shallow depression in between canthal 
ridges, nostril region swollen; in dorsal view, head 
widest behind eyes narrowing anteriorly to broadly 
rounded snout; robust laterally protruding jaw adductor 
musculature, neck only slightly constricted. Scales on 
top and sides of snout >3 times larger than crown and 
rest of body; scales in contact with nostril - rostral, 
supranasal, 2 postnasals (upper half the size of lower) 
and first supralabial; first supralabial slightly taller and 
narrower than second; supralabials 10, infralabials 8; 
rostral height 1.9 mm, width 2.7 mm, strongly gabled 
dorsally, deeply furrowed medially, rostral crease -45% 
of height of rostral; internasal 1; nostrils circular and 
directed dorsolaterally. Mental length 2.9 mm, width 
2.8 mm, triangular with straight sides except concave 
where in contact with first infralabial, penetrating 1/3 
in to inner chin shields; inner chin shields in short 
contact with second infralabial; chin shields -60% of 
height of inner chin shield with rounded outer edge in 
contact with granules, first parinfralabial encroaching on 
posterior edge of third infralabial, an elongate granule 
between chin shield and third infralabial and in contact 
with posterior edge of second infralabial; eye relatively 
small, pupil oval with crenelated edges; above eye a 
projecting anterior ridge; ear opening moderately large, 
oval, and oriented at a 30° angle (anterior edge lower). 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body. Pre- 
cloacal pores 17, arranged in a chevron with the apex 
pointing anteriorly; cloacal spurs 1 (right side) or 5 (left), 
slightly enlarged, rounded and projecting scales to either 
side of cloaca. 

Limbs short, moderately developed; projecting narrow 
claws present on all digits except digit I, claw projects 
above and beyond expanded toe pads, dorsal edge of toe 
pad with elongate row of scales forming a fringe; below 
digit a row of 4-6 enlarged round to oval tubercles 
increasing in size towards toe pads, last 2-3 divided; no 
conspicuous webbing between digits; subdigital lamellae 
divided, number on fourth finger 9, fourth toe 10. 

Tail ovoid at body, original portion swollen, 
regenerated portion gradually narrowing to a fine 
point; proximal original tail 25 mm from cloaca, distal 
regenerated portion 58 mm; scales on dorsal surface 
of original tail -2 x size of scales on body, slightly 
imbricate and rounded with posterior apex, arranged in 
regular rows; ventral scales of original tails enlarged 
(3.9 x 1.6 mm at base) and oriented transversely, scales 
on regenerated portion as for original but forming less 
ordered rows. 

Colouration (in preservative). Light brown pinkish- 
grey background colour on dorsum; scattered small to 
large dark brown and pale spots not in contact; head as 
for body but snout dark brown, canthal, loreal, temporal 
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FIGURE 9 Variation among Gehyra macra sp. nov. specimens. Holotype specimen is on the left. Scale bar = 20 mm 
(white and dark both 10 mm each). 



FIGURE 10 Habitat of G. macra sp. nov. and G. media sp. nov. in the northern Pilbara (Indee Station): granitic outcrops with 
domes and boulder piles (Photo: R.J. Ellis). 
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stripes present, a poorly-defined upper post-orbital 
stripe, no lower post-orbital stripe; vertebral zone 
noticeably lighter in shade compared to surrounding 
areas on dorsum; dorsal surface of limbs with diffuse 
markings; venter pale with diffuse pigmentation 
(especially near ventrolateral edge), infralabials, and 
ventral surface of tail darker near edges, digits, palmar 
and plantar surfaces dark grey. 

VARIATION 

Table 2 and Appendix 2 show variation in meristic 
characters. Females lacked pores and the enlarged 
cloacal spurs of males. Pre-cloacal pores of males varied 
from 14-21, and there was no association with body size 
and number of pores (the largest male had the fewest 
pores). 

Colouration varied from a light greyish-brown 
background to a dark reddish-brown. Dark and pale 
spots were scattered and usually not in contact. One 
specimen (WAM R160096, Figure 10) had dark bars 
with longitudinal extensions towards the midline, 
whereas another specimen (WAM R173366, Figures 
5 and 9) had highly irregular-shaped dark blotches. 
A juvenile (WAM R132679) also showed a similar 
pattern, and the markings are more vibrant than in larger 
individuals. Figure 9 shows variation across several 
specimens. 

HABITAT AND ECOLOGY 

From collector’s notes and personal observations, 
individuals have been collected from beneath exfoliating 
rocks on granite rock outcrops (Figure 10), with 
observations of individuals running across the tops of 
domes towards shelter (R Doughty, M. Pepper, R.J. 
Ellis, pers. obs.). 

DISTRIBUTION 

Confined to the northern edge of the Pilbara, including 
south and east of Port Hedland, Shay Gap, Cundaline 
Gap and near Braeside on the eastern edge of the Pilbara 
(Figure 2). 

REMARKS 

Although only weakly divergent from G. punctata 
in the mtDNA phylogram shown in Figure 1, G. macra 
sp. nov. differed in the nDNA data set of Ashman et 
al. (2018) and differed strikingly in morphology across 
several characters as well. The more subdued greyish- 
brown colouration with more poorly-defined spots 
compared to G. punctata may be an adaptation to the 
relatively low and browner granite outcrops of the 
northern Pilbara where this species occurs (Pepper et al. 
2013). 

In addition to the large body size, this species is 
extremely robust, with a large deep head and well- 
developed jaw adductor musculature. This is the largest 
species of the entire arid zone radiation of the G. 
variegata group, and with only G. occidentalis from 


the northern Kimberley in the G. nana clade reaching 
similar sizes (~75 mm maximum SVL). 

Owing to its remote location, relatively large 
distribution and occurrence on less lucrative granitic 
geology (vs ironstones to the south), we regard this 
species as of least conservation concern. However, more 
information on its ecology and habitat preferences are 
warranted, including the extent of its true distribution in 
the Pilbara. 

ETYMOLOGY 

Macra is derived from the Greek makros meaning 
large or long. It is used as an adjective here. 

Gehyra punctulata sp. nov. 

Small-spotted Mid-west Rock Gehyra 
Figures 5, 11 

urn:lsid:zoobank.org:act:9D5BF909-B245-4235-9680- 

4F7828D3DED2 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R139194, an 
adult male collected at Mount Minnie (22.2650°S, 
115.4072°E) by P.G. Kendrick on 26 June 2000. 

Paratypes 

Australia: Western Australia: WAM R113599 
and WAM R113633 (males), 30 km east-north-east of 
Nanutarra (22.4166°S, 115.6167°E); WAM R117038 
(female) and WAM R117040 (male), 18 km west 
of Mt Stuart Homestead (22.4333°S, 115.8833°E); 
WAM R131769 (female), Muggon Station (26.6166°S, 
115.5333°E); WAM R163106 (female), 19.5 km south- 
south-west of Mt Amy (22.4193°S, 115.8380°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb and transversely widened subcaudal scales. 
Distinguished from other Australian Gehyra by 
possession of moderate body size (up to 56 mm SVL) 
and broad snout, dorsal edge of rostral flat to gabled and 
moderately furrowed, upper postnasal 1/3 the size of 
lower, 9-10 supralabials, first supralabial slightly taller 
and narrower than second, inner chin shields in contact 
with second infralabial, first parinfralabial in contact 
with posterior edge of second infralabial, mental scale 
penetrates along half the length of the inner chin shields 
with straight sides or slight concavity in contact with 
first infralabial, subdigital lamellae on fourth finger 
6-7, fourth toe 7-8, lamellae divided and without basal 
wedge of granules; background colour light reddish to 
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greyish-brown with small dark and pale spots not in 
contact and evenly spaced, canthal stripe weak, loreal 
and temporal stripe variable, post-orbital stripes absent, 
tail with alternating dark and pale rows of spots, dark 
spots forming bands distally. 

Further distinguished from other reddish-brown 
Gehyra in the mid-west and Pilbara regions as follows. 
It resembles G. polka sp. nov. most closely but differs 
by possessing a darker and more stippled background 
with smaller spots. From G. media sp. nov., G. micra 
sp. nov. and G. peninsularis sp. nov. by larger body size, 
longer and more depressed snout and more numerous 
supralabials and subdigital lamellae; from G. punctata 
by slightly smaller body size, first parinfralabial 
encroaching on posterior edge of second (not third) 
infralabial and dark and pale spots on dorsum not in 
contact; from G. macra sp. nov. by smaller body size, 
fewer subdigital lamellae and pre-cloacal pores, more 
reddish dorsum, clearly demarcated spots and lack of 
a pale, narrow vertebral stripe; from G. pilbara and G. 
montium by larger body size, longer snout, and distinct 
markings on dorsum without background reticulations. 

DESCRIPTION OF H0L0TYPE 

Body size medium (54.0 mm SVL), depressed 
dorsally, flat ventrally with defined ventro-lateral fold 
(Figure 11). Head moderately depressed (HeadD = 38% 
HeadL), in profile snout moderately long and less than 
twice the length of the eye, snout (interorbital/frontal 
region) straight, canthus broadly rounded and slightly 
raised forming shallow depression in between canthal 
ridges, nostril region slightly swollen; moderately 
developed jaw adductor musculature protruding laterally 
posterior to mouth; in dorsal view head widest behind 
eyes narrowing anteriorly to triangular snout with 
rounded tip; neck constricted to approximately 4/5 
maximum head width. Scales on top and sides of snout 
>3 times larger than crown and rest of body; scales in 
contact with nostril - rostral, supranasal, 2 postnasals 
(upper 40% the size of lower) and first supralabial; 
supralabials 9, infralabials 9; rostral height 1.3 mm, 
width 2.2 mm, rostral flat dorsally, furrowed medially, 
rostral crease 40% of height of rostral, then angling 
to right for another 20% of rostral length; internasals 
1; nostrils circular and directed dorsolaterally. Mental 
triangular, length 2.6 mm, width 2.0 mm, penetrating 
55% in to inner chin shields, sides slightly concave 
where in contact with first infralabial; inner chin shields 
in broad contact with second infralabial; outer chin 
shield 2/3 the height of inner chin shield with rounded 
outer edge in contact with second infralabial, first 
parinfralabial and enlarged granule below parinfralabial 
row; pupil oval with crenulated edges (3 scallops on each 
side); above and anterior to eye a projecting ridge and 
posterior-dorsal edge slightly covered by layer of skin; 
ear openings oval and oriented horizontally with anterior 
end more dorsal than posterior. 


Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; ventral 
scales ~2 times larger than dorsal scales, flat and slightly 
imbricate; scales on limbs as for body. Pre-cloacal 
pores 10, arranged in a chevron with the apex pointing 
anteriorly; cloacal spurs in a single row with 3 (right) 
and 2 (left) enlarged and projecting scales on both sides 
of cloacal opening. 

Limbs short and moderately developed; projecting 
narrow claws present on all digits except digit I, claw 
projects above and beyond expanded toe pads, dorsal 
edge of toe pad with elongate row of scales forming a 
fringe; below digit a single row of 6-8 enlarged round to 
oval tubercles increasing in size towards toe pads, distal 
tubercle divided; no conspicuous webbing between 
digits; subdigital lamellae divided, no wedge of granules 
at base, number on fourth finger 7, fourth toe 8. 

Tail long and thin, somewhat depressed basally, 
becoming cylindrical distally, tapering to a fine point; 
original portion 6 mm, regenerated portion 43 mm with 
irregular longitudinal folds along dorsal surface (an 
artefact of preservation) and irregular rows of scales 
dorsally and transversely elongated subcaudals. 

Colouration. In preservative, light brown background 
colour on dorsum; small dark brown and pale spots 
from snout to end of original portion of tail; pale spots 
rounded with thin dark brown border, dark markings 
rounded with some more irregularly shaped; dark 
and pale markings not in contact and evenly spaced 
on dorsum. Head as for body but dark spots smaller; 
canthal and loreal stripes weak, weak temporal stripe 
posterior to eye on right side, pale patch between canthal 
and loreal stripes, left temporal and post-orbital stripes 
absent reduced to a spot; supralabials, rostral and lower 
sides of snout moderately stippled with dark brown; 
dorsal surface of limbs with diffuse alternating light and 
dark spots; venter pale yellowy-cream. 

VARIATION 

Table 2 and Appendix 2 presents variation in size and 
meristic characters, and Figure 11 illustrates the range 
of variation found in dorsal patterns. Females lack pre- 
cloacal pores and cloacal spurs, but otherwise resemble 
males. A male with a SVL of 43 mm had 10 pores that 
were only weakly expressed, indicating an approximate 
size at maturity. There were no gravid females or any 
with noticeable follicular development in the sample. 

On original tails scales on the dorsal surface were 
arranged in regular transverse rows, with transversely 
widened subcaudal scales, with the proximal 1-5 scales 
potentially divided. 

Background colouration varies from a light reddish- 
brown to dark greyish-brown. The spots on the dorsum 
were usually small, with a few individuals having 
somewhat larger spots. Most spots circular, but some 
irregular and tending to elongate transversely. In the 
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FIGURE 11 Variation among Gehyra punctulata sp. nov. specimens. Holotype specimen is on the left. Scale bar = 10 mm. 
(Photo: R.J. Ellis). 


majority of individuals spots were scattered evenly, 
with others having the spots form alternating rows of 
dark and pale spots. Original tails had alternating rows 
of dark and pale spots, with the dark spots tending to 
coalesce to form solid bands, especially distally. 

HABITAT AND ECOLOGY 

Very little is known of this species. Collector’s notes 
mention granite outcrops and ridges, a dry stream bed 
and undulating stony ground. Specimens collected from 
rock crevices, under exfoliating granite slabs, rocks or 
under rubbish. 

DISTRIBUTION 

Occurs inland of the mid-west coast of Western 
Australia. In the south, from Toolonga Nature Reserve 
near Murchison, north to Callythara Springs, 40 km 
east of Gascoyne Junction. A separate population from 
genotyped individuals occurs in the western Pilbara 
area, from approximately 100 km south-east of Onslow 
in the Cane River area (Figure 2). 

We include one subadult specimen with atypically 
large spots for this species (WAM R114320) from near 
Collier Range National Park based on an allozyme 
profile that placed it within G. punctulata sp. nov. 
This indicates that this species could also occur to 
the east in the Ashburton region south of the Pilbara 
and G. punctata and north of G. polka sp. nov. 


Further collecting from this area could better resolve 
species boundaries and evaluate the possibility of 
introgression. 

REMARKS 

As for G. polka sp. nov., this species was recovered 
from the Ashman et al. (2018) exon capture analysis 
as an independent evolving lineage, and we also found 
support for its distinctiveness from the mtDNA data 
(Figure 1). Within this lineage, the two geographically 
separated populations of genotyped individuals are 
also distinct in the mtDNA phylogram. It is likely 
there are intervening populations in between these two 
known ones, and there were no obvious phenotypic 
differences between them. The elongate north-south 
distribution inland along the coast appears to follow 
granitic outcrops, with G. polka sp. nov. replacing this 
species to the east. Resolving where precisely the two 
species come together is an area for future research, as 
they are similar in body size and appearance. Owing to 
this species’ broad distribution and abundance where 
it occurs, we regard it as being of least conservation 
concern. 

ETYMOLOGY 

Punctulata is the diminutive of punctata, referring 
to this species’ smaller spots relative to those of G. 
punctata and G. polka sp. nov. 
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Gehyra polka sp. nov. 

Large-spotted Mid-west Rock Gehyra 
Figures 5, 12 

urn:lsid:zoobank.org:act:E74FB1B1-B463-4762-B537- 

9DA0A79C7F4F 

HOLOTYPE 

Australia: Western Australia: WAM R132290, 
an adult male collected 6 km north-west of Noondie 
Outstation (27.0744°S, 117.0789°E) by B. Maryan on 11 
April 1998. 

PARATYPES 

Australia: Western Australia: WAM R119368-9 
(males), 50 km south-west of Yalgoo (28.65°S, 116.30°E); 
WAM R127414-5 (males), 10.3 km south of Yinnietharra 
Homestead (24.7202°S, 116.1197°E); WAM R127543 
(female), Barnong Homestead (28.6333°S, 116.2833°E); 
WAM R132291 (male), as for holotype; WAM R132294 
(male), Marlandy Hill (28.1216°S, 117.2331°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb, and the presence of transversely widened 
subcaudal scales. Distinguished from other Australian 
Gehyra by possession of moderate body size (up to 
61 mm SVL) and widened snout, well-developed jaw 
adductor musculature, moderately gabled rostral, upper 
postnasal 1/3 the size of lower, 9-10 supralabials, first 
supralabial slightly taller and narrower than second, 
inner chin shields in contact with second infralabial, first 
parinfralabial in contact with posterior edge of second 
infralabial, mental scale long, penetrating along half the 
length of the inner chin shields with straight sides or 
slight concavity when in contact with first infralabial, 
subdigital lamellae on fourth finger 6-7, fourth toe 7-8, 
lamellae divided and without basal wedge of granules; 
background colour reddish-brown with large dark and 
pale spots not in contact, canthal stripe weak, loreal 
and temporal stripes variably expressed, no post-orbital 
stripes, tail with alternating dark and pale bands. 

Further distinguished from other reddish-brown 
Gehyra in the mid-west and Pilbara regions as follows. It 
resembles G. punctulata sp. nov. most closely, but differs 
by possessing a more plain and reddish background 
with larger spots. From G. media sp. nov., G. micra sp. 
nov. and G. peninsularis sp. nov. by larger body size, 
longer and more depressed snout and more numerous 
supralabials and subdigital lamellae; from G. punctata 
by slightly smaller body size, first parinfralabial 
encroaching on posterior edge of second (vs third) 
infralabial and dark and pale spots on dorsum not in 
contact; from G. macra sp. nov. by smaller body size, 


fewer subdigital lamellae and pre-cloacal pores, more 
reddish dorsum, clearly demarcated spots and lack of 
a pale, narrow vertebral stripe; from G. pilbara and G. 
montium by larger body size, longer snout, and distinct 
markings on dorsum without background reticulations. 

DESCRIPTION OF HOLOTYPE 

Body size medium (56.0 mm SVL), depressed 
dorsally, flat ventrally with defined ventro-lateral fold 
(Figure 12). Head moderately depressed (HeadD = 
40% HeadL), in profile snout moderately long and less 
than twice the length of the eye, snout (interorbital/ 
frontal region) straight, canthus broadly rounded and 
slightly raised forming shallow depression in between 
canthal ridges, nostril region swollen; in dorsal view 
snout moderately wide, jaw adductor musculature 
well-developed and laterally protruding behind jaw, 
head widest behind eyes narrowing anteriorly to 
triangular snout with rounded tip; neck constricted to 
approximately 3/4 maximum head width. Scales on top 
and sides of snout >3 times larger than crown and rest of 
body; scales in contact with nostril - rostral, supranasal, 
2 postnasals (upper one third the size of lower), and 
first supralabial; supralabials 9, infralabials 7; rostral 
height 1.5 mm, width 2.2 mm, rostral gabled dorsally, 
deeply furrowed medially, rostral crease 40% of height 
of rostral; internasals 1; nostrils circular and directed 
dorsolaterally. Mental triangular, length 2.8 mm, width 
1.9 mm, penetrating 2/3 in to inner chin shields, sides 
slightly concave where in contact with first infralabial; 
inner chin shields in broad contact with second 
infralabial; outer chin shield half the height of inner chin 
shield with straight to rounded outer edge in contact 
with second infralabial, first parinfralabial, and granules 
below parinfralabials; pupil oval with crenulated edges 
(3 scallops on each side); above and anterior to eye 
a projecting ridge and posterior-dorsal edge slightly 
covered by layer of skin; ear opening round (right) or 
slightly oval and oriented horizontally (left). 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; scales 
on flanks slightly smaller and arranged more irregularly; 
ventral scales ~2 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body. 
Pre-cloacal pores 12, arranged in a chevron with the 
apex pointing anteriorly; cloacal spurs 3 enlarged and 
projecting scales on both sides of cloacal opening. 

Limbs short and moderately developed; projecting 
narrow claws present on all digits except digit I, claw 
projects above and beyond expanded toe pads, dorsal 
edge of toe pad with elongate row of scales forming a 
fringe; below digit a single row of 6-8 enlarged round to 
oval tubercles increasing in size towards toe pads, distal 
tubercle divided; no conspicuous webbing between 
digits; subdigital lamellae divided, no wedge of granules 
at base, number on fourth finger 6, fourth toe 7. 

Tail original, long and thin, somewhat depressed 
basally, becoming cylindrical distally, tapering to a 
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fine point; scales on dorsal surface of original tail ~2 x 
size of scales on body, flattened and arranged in regular 
rows; ventral scales of original tails enlarged (2.5 x 1.4 
mm at base) and oriented transversely. 

Colouration. In preservative, light brown background 
colour on dorsum; alternating rows of predominantly 
transversely-oriented dark brown and pale markings 
from snout to end of original portion of tail; whitish 
markings rounded to oval spots, dark markings more 
variable in shape, some asymmetrical and/or fused 
to form larger blotches; dark and pale markings not 
touching on dorsum. Head as for body but dark spots 
smaller; canthal stripes weak, loreal stripe present and 
continuing as weak temporal stripe posterior to eye, 
pale patch between canthal and loreal stripes, a short 
dark post-orbital stripe on right side, less distinct on 
left; supralabials, rostral and lower sides of snout lightly 
stippled with dark brown; inner chin shields pale white; 
dorsal surface of limbs with diffuse alternating light and 
dark markings; venter pale cream; ventral surface of tail 
slightly darker, with dorsal pattern extending onto lateral 
subcaudal surfaces. 

VARIATION 

Table 2 and Appendix 2 presents variation in size and 
meristic characters, and Figure 12 illustrates the range 
of variation found in dorsal patterns. Females lack pre- 
cloacal pores and enlarged cloacal spurs, but otherwise 
resemble males. Background colouration varies from 
a rich to light reddish-brown. The spots on the dorsum 
exhibit a range of size variation from fine to quite large, 
with most pale white spots being large and circular 
but with some individuals having more irregular spots 
(Figure 12); dark spots tending to be more irregularly 


shaped. Rows of spots generally evenly spaced, with 
6-9 rows of dark markings between nape and sacrum; 
pale spots often with diffuse edges, especially on flanks, 
and poorly defined anterior to orbits. Dark markings 
on tail sometimes forming complete narrow transverse 
bands proximally; dark and light markings may contact 
one another on tail. In life, anteriormost granular throat 
scales and medial portion of tail venter with an orangey- 
brown suffusion; dark dorsal and hindlimb markings 
surrounded by 2-3 rows of taupe to orange-tinged 
granules; iris coppery. As for the other species, juveniles 
tend to have darker and more contrasting markings. 

HABITAT AND ECOLOGY 

Rocky outcrops, including sandstone, granite and 
metamorphosed rocks. Notes from collectors indicate 
specimens were often encountered under slabs of rocks 
at the top of outcrops, and active individuals are seen on 
vertical rock faces as well as horizontal surfaces. Figure 
13 shows a typical boulder pile where G. polka sp. nov. 
occur in the Weld Range. 

DISTRIBUTION 

Occurs in the mid-west of Western Australia, as far 
south and west approximately 150 km east of Geraldton 
near Yalgoo, then inland north through Mt Magnet, 
Meekatharra and Kumarina, and as far north and west 
as Mt Augustus (Figure 2). Outlying records were 
found near Karratha at Mardie Pool. This may have 
resulted from an error handling the tissue sample in 
the field or in the lab. Alternatively, this is a popular 
camping area for the Pilbara region (P. Kendrick, 
pers. comm.) and the specimens may have been 
inadvertently transported here. 



FIGURE 12 Variation among Gehyra polka sp. nov. specimens. Holotype specimen is on the left. Scale bar = 10 mm. 
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FIGURE 13 Habitat of G. polka sp. nov.: dark granitic jumbled rock in Weld Range (Photo: R.J. Ellis). 


REMARKS 

It is interesting to note the clear genetic separation of 
G. punctulata sp. nov. and G. polka sp. nov. in Ashman 
et al. (2018), although the sample sizes were small (4 and 
2, respectively). Our mtDNA analysis also recovered 
these taxa as monophyletic lineages, but with some 
geographic structure evident. The similarity between 
the two species indicates a moderate-large body size in 
the regions south of the Pilbara may be adaptive in the 
absence of both larger-bodied rock-dwelling Gehyra 
species (G. punctata and G. macra sp. nov.) and the 
smaller saxicoline species (G. fenestrula sp. nov., G. 
media sp. nov., G. micra sp. nov. and G. peninsularis sp. 
nov.). 

Owing to its southern occurrence, many photographs 
of ‘G. punctata'' are of this species (e.g. Storr et al. 1990, 
plate 10, Figure 1; Bush et al. 2007). This species is 
widespread and locally abundant in rocky areas that are 
unsuitable for agriculture, although they may be locally 
affected by mining activity. It occurs in protected areas 
at Mt Augustus National Park and other reserves from 
ex-pastoral leases (e.g., Waldburg and Mt Phillip). We 
therefore regard it as of least conservation concern. 

ETYMOLOGY 

Polka is an allusion to the polka dot patterns on the 
dorsum of this species. The Bohemian ‘polka dance’ 
was fashionable in the mid-19th century, and polka was 


appended to the names of many goods and objects, but 
only ‘polka dot’ is in use today. The word may have 
been a modification of the Czech pulka, meaning ‘half’, 
in reference to the quick steps employed in the dance. 
Used as a noun in apposition. 


Gehyra fenestrula sp. nov. 

Hamersley Range Spotted Gehyra 
Figures 6, 14 

urn:lsid:zoobank.org:act:6E92943F-8CB1-4DA2-B10D- 
381FBB7850C9 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R111769, male 
collected from Wheelarra Hill (PBS site BDRS03; 
23.3586°S, 120.4590°E) by Pearson, D., Morris, K. and 
Pepper, M. on 2 October 2005. 

Paratypes 

Australia: Western Australia: WAM R71633 (male), 
21 km west-south-west Marillana homestead (22.67°S, 
119.22°E); WAM R114337 (male), 35 km southeast of 
Prarie Downs (23.7166°S, 119.4333°E); WAM R125083 
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(female), 15 km east of Newman (23.37°S, 119.90°E); 
WAM R127475 (female), 32 km south of Newman 
(23.65°S, 119.72°E); WAM R129925 (female), West 
Angelas, 100 km west-north-west from Newman 
(23.25°S, 118.67°E); WAM R135018 (female), Mt 
Whaleback (23.3347°S; 119.6694°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb, and the presence of transversely widened 
subcaudal scales. Distinguished from other Australian 
Gehyra by moderately small body size (to 48.0 mm 
SVL), depressed body and head, moderately long 
and narrow snout with swollen nostril region, gabled 
rostral, upper postnasal slightly smaller than lower, 0-2 
internasals, 8-10 supralabials, first supralabial narrower 
and taller than second, inner chin shields usually in 
contact with second infralabial, or if not, narrowly 
excluded, first parinfralabial encroaching on second 
or rarely third infralabial, fourth finger lamellae 5-6, 
fourth toe lamellae 6-7, lamellae divided and lacking 
wedge of granules at base of toe, pre-cloacal pores in 
adult males 9-12; in preservative, light to dark brown 
background colour, dorsal pattern with small widely 
scattered spots, spots formed by dark (anterior) and pale 
(posterior) elements in contact, spots sometimes forming 
irregular transverse rows; loreal and temporal head 
stripes moderately developed, canthal stripe weak, post¬ 
orbital stripes absent or reduced to a spot; white patch 
above and below loreal and occasionally temporal stripe. 

Further distinguished from other Gehyra from the 
region with reddish-brown colouration as follows: from 
G. punctata, G. macra sp. nov., G. punctulata sp. nov. 
and G. polka sp. nov. by smaller body size and fewer 
subdigital lamellae; further distinguished from G. macra 
sp. nov. by adult males possessing fewer pre-cloacal 
pores (9-12 vs. 14-21); from G. media sp. nov., G. micra 
sp. nov. and G. peninsularis sp. nov. by more numerous 
supralabials; from G. pilbara by longer and more 
depressed head, longer inner chin shields in contact with 
second infralabial and spots on dorsum more clearly 
demarcated from background colour; and from G. 
montium by fewer subdigital lamellae and lacking short 
bars (vs spots) or network of irregular dark lines. 

DESCRIPTION OF H0L0TYPE 

Body size moderately small (44.5 mm SVL), 
depressed dorsally, flat ventrally with defined ventro¬ 
lateral edge. Head depressed (HeadD = 39% HeadL), 
in profile snout moderately long, snout (interorbital/ 
frontal region) straight with angle just anterior to eyes, 
canthus broadly rounded and slightly raised forming 
shallow depression in between canthal ridges, nostril 
region swollen; in dorsal view head widest behind 
eyes narrowing anteriorly to rounded snout; neck only 
slightly constricted. Scales on top and sides of snout 
-3 times larger than crown and rest of body; scales in 


contact with nostril - rostral, supranasal, 2 postnasals 
(upper slightly smaller than lower) and first supralabial; 
first supralabial slightly taller than second; supralabials 
9, infralabials 7; rostral height 1.1 mm, width 1.8 mm, 
deeply furrowed medially, rostral crease -55% of height 
of rostral; internasal 1; nostrils circular and directed 
dorsolaterally. Mental length 2.0 mm, width 1.6 mm, 
triangular, straight sides shared with first infralabial, 
penetrating 50% along inner chin shields; inner chin 
shields in moderate contact with second infralabial; 
chin shields -55% of height of inner chin shield with 
rounded outer edge in contact with 1 st parinfralabial and 
surrounding granules, first parinfralabial encroaching 
on posterior edge of second infralabial; pupil oval with 
crenelated edges (spectacle opaque); above and anterior 
to eye a projecting ridge; ear opening moderately large, 
oval, and oriented at a 30° angle (anterior edge lower). 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body. Pre- 
cloacal pores 9, arranged in a shallow chevron with the 
apex pointing anteriorly; cloacal spurs 3 on each side, 
slightly enlarged, rounded and projecting scales to either 
side of cloaca. 

Limbs short and moderately developed; projecting 
narrow claws present on all digits except digit I, claw 
projects above and beyond expanded toe pads, dorsal 
edge of toe pad with elongate row of scales forming 
a fringe; below digit a row of 6-9 enlarged round to 
oval tubercles increasing in size towards toe pads, last 
2-3 divided; no conspicuous webbing between digits; 
subdigital lamellae divided, number on fourth finger 5, 
fourth toe 6. 

Tail ovoid at body, original portion swollen, 
regenerated portion gradually narrowing to a fine point, 
but with a 5 mm regenerated portion coming off the 
tip of the tail at nearly a right angle; proximal original 
tail 15 mm from cloaca, distal regenerated portion 19 
mm; scales on dorsal surface of original tail -2 x size 
of scales on body, slightly imbricate and rounded with 
posterior apex, arranged in regular rows; ventral scales 
of original tails enlarged (2.1 x 0.9 mm at base) and 
oriented transversely (proximal 3-4 scales divided), 
scales on regenerated portion as for original but forming 
less ordered rows on dorsal surfaces, ventral surfaces 
with enlarged transverse scales as for original portion. 

Colouration (in preservative). Light brown 
background colour on dorsum; widely scattered 
small dark brown and pale spots in contact or slightly 
separated, with dark anterior element and pale posterior 
element; dark elements above shoulders forming short 
bars; head as for body, canthal, loreal, temporal stripes 
present, weak lower post-orbital stripe; dorsal surface 
of limbs with fine dark and pale spots; venter pale with 
diffuse pigmentation (especially near ventrolateral 
edge), infralabials, and ventral surface of tail darker near 
edges, digits, palmar and plantar surfaces grey. 


26 


PAUL DOUGHTY, AARON M. BAUER, MITZY PEPPER AND J. SCOTT KEOGH 


VARIATION 

Table 2 and Appendix 2 present variation in 
quantitative characters, Figure 6 shows two individuals 
in life and Figure 14 shows variation in dorsal patterning 
in preserved specimens. Body size of measured 
specimens varied between 36.0-48.0 mm SVL, with the 
smallest male possessing pre-cloacal pores at 43.5 mm 
SVL. Despite a female-biased sample, only one large 
female (48.0 mm SVL) was conspicuously gravid. Other 
specimens were generally <30 mm SVL. There were 
only four adult males, and pre-cloacal pore counts were 
9, 11, 11 and 12. 

Other specimens had similar colouration and 
patterning to the holotype, a light sandy brown to dark 
reddish-brown background colour. Spotting showed 
more variation, with a typical pattern of dark (anterior) 
and pale (posterior) elements in contact, spots overall 
quite small and widely spaced. A variation in several 
specimens was the pale element of the spot being 
circular and somewhat large, resulting in the dark 
anterior element having a ‘U’-shape. In one individual 
(WAM R125083) the spots formed transverse rows, 
especially posteriorly. 

HABITAT AND ECOLOGY 

Very little known, as the description is based on 
relatively few specimens. Collectors’ notes mention 
occurrence on banded ironstone outcrops, under granite 


caprock, edge of river gorge and shrubland and spinifex 
steppe on Mt Whaleback. PBS sites where specimens 
were pit-trapped occurred on rocky outcrops with large 
boulders and scree. 

DISTRIBUTION 

Restricted to a relatively small area in the south¬ 
east Pilbara region of Western Australia, including 
Packsaddle Range, Mt Whaleback and other locations 
near the mining town of Newman (Figure 3). 

REMARKS 

Gehyra fenestrula sp. nov. is an unusual species, as it 
has a body size typical of many other species of the arid 
clade of the G. variegata group (mean ~41 mm SVL), 
yet appears to be a basal lineage of the large-bodied G. 
punctata complex members (Figure 1). Coupled with its 
restricted range in the south-eastern Pilbara and unique 
dorsal pattern of small widely-spaced spots with dark 
and pale elements together, G. fenestrula sp. nov. seems 
to be more of a relictual species that persists in the 
Hamersley Range despite the evolution and expansion of 
more recent and widespread species such as G. punctata 
and G. micra sp. nov. 

Despite its relatively restricted distribution compared 
to other species treated here, G. fenestrula sp. nov. 
occurs over a wide enough area in the Pilbara such that 
its conservation status would seem to be secure, i.e. least 



FIGURE 14 Variation among Gehyra fenestrula sp. nov. specimens. Holotype specimen is on the left. Scale bar = 10 mm. 
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concern. Nevertheless, further studies on its behaviour 
and habitats would be of interest, especially how it 
interacts ecologically with other similar and related 
rock-dwelling forms where it occurs. 

ETYMOLOGY 

Fenestrula is the diminutive of fenestra and refers to 
the fact that this species is the smallest member of the 
large-bodied G. punctata complex lineage, to which 
the junior synonym G. fenestra Mitchell belongs. The 
name thereby acknowledges Mitchell’s contributions to 
Pilbara Gehyra systematics despite having his name of 
fenestra being a junior synonym of punctata owing to 
the inability of WAM staff to locate Fry’s punctata type 
in the 1960s. 


Gehyra media sp. nov. 

Medium Pilbara Spotted Rock Gehyra 
Figures 4, 6, 15 

urn:lsid:zoobank.org:act:665D3755-5CD0-44F0-B03F- 

A568C0FC4686 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R162687, 
adult male, collected from Baldy Rock, Pilbara region 
(21.05°S, 118.80°E), by P. Doughty, C.A. Stevenson and 
P.G. Kendrick on 15 May 2006. 

Paratypes 

Australia: Western Australia: WAM R160940, male, 
9 km northwest of Lake Poongkaliyarra (20.9399°S, 
118.0640°E); WAM R161014, female, 3.5 km south of 
Marda Pool (21.065°S, 116.150°E); WAM R162686, 
male, as for holotype; WAM R162704, female, as for 
holotype; WAM R174289, female, Nanutarra Roadhouse 
(22.46434°S, 116.03714°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV, a cutaneous 
fold along the posterior margin of the hindlimb, and 
the presence of transversely widened subcaudal scales. 
Differs from other Australian Gehyra by possessing 
small body size, moderately narrow snout, weakly 
gabled rostral, upper postnasal half to 1/3 the size 
of lower, 7-9 supralabials, first supralabial taller 
and usually narrower than second, mental long with 
straight sides, inner chin shields in contact or narrowly 
excluded with second infralabial, second infralabial 
notched by encroachment of first parinfralabial, 5 or 6 
divided lamellae on the fourth toe (without basal wedge 
of granules), in adult males 8-15 pre-cloacal pores 


arranged in a chevron. Dorsal pattern with dark brown 
and pale spots on light reddish-brown background, spots 
usually not in contact; canthal and loreal stripes weak, 
temporal stripe variable expressed, post-orbital stripes 
reduced to at most a spot, pale zone between canthal and 
loreal stripes. 

Further distinguished from other Gehyra from the 
region with reddish-brown colouration as follows: from 
G. punctata, G. macra sp. nov., G. punctulata sp. nov. 
and G. polka sp. nov. by smaller body size, shorter 
and more convex snout and fewer subdigital lamellae; 
further distinguished from G. macra sp. nov. by adult 
males possessing fewer pre-cloacal pores (8-15 vs 14- 
21); from G. fenestrula sp. nov. by dark and pale spots 
separated (vs joined); from G. micra sp. nov. by slightly 
larger body size, broader snout and dorsal pattern 
consisting of scattered spots (vs rows of short bars) 
and pale spots with dark border; from G. peninsularis 
sp. nov. by fewer subdigital lamellae (5-6 vs 6-7) and 
pattern consisting of small spots not in contact (vs 
large spots tending to form transverse rows); from G. 
pilbara by longer and more depressed head, longer inner 
chin shields in contact with first infralabial and spots 
on dorsum more clearly demarcated from background 
colour; and from G. montium by fewer subdigital 
lamellae and lacking short bars (vs spots) or network of 
irregular dark lines. 

DESCRIPTION OF HOLOTYPE 

Body size small (48.0 mm SVL), depressed dorsally, 
flat ventrally with defined ventro-lateral edge. Head 
depressed (HeadD = 33% HeadL), snout short and 
narrow with orbit length over half the length of the 
snout; snout shape (interorbital/frontal region) convex, 
a fold of skin on snout (an artefact of preservation), 
canthus broadly rounded and poorly defined, nostril 
region only slightly swollen at tip; in dorsal view head 
widest behind eyes narrowing anteriorly to triangular 
snout with rounded tip; neck constricted to 3/4 maximum 
head width. Scales on top and sides of snout >3 times 
larger than crown and rest of body; scales in contact with 
nostril - rostral, supranasal, 2 postnasals (lower twice the 
size of upper) and first supralabial; supralabials 8, first 
taller and narrower than second, infralabials 7; rostral 
width 2.1 mm, height 1.2 mm, weakly gabled dorsally, 
furrowed medially, rostral crease -50% of height of 
rostral; internasal 1; nostrils circular and directed 
laterodorsally. Mental 1.7 mm long, 1.5 mm wide, 
triangular with straight sides, penetrating 1/3 in to inner 
chin shields; elongate inner chin shields in contact with 
second infralabial; outer chin shields 2/3 the height of 
inner chin shield, in contact with second infralabial and 
first parinfralabial; third chin shield 1/3 height of outer. 
Eye large, pupil oval with crenulated edges (3 scallops on 
each side); above and anterior to eye a projecting ridge 
with posterior-dorsal edge slightly covered by superficial 
layer of skin; ear opening small and circular. 
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FIGURE 15 Variation among Gehyra media sp. nov. specimens. Holotype specimen is on the left. Scale bar = 10 mm. 


Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body. Pre- 
cloacal pores 9, arranged in a short chevron with the apex 
pointing anteriorly; cloacal spurs - 3 slightly enlarged, 
rounded and projecting scales on each side of cloaca. 

Limbs short and moderately developed; projecting 
narrow claws present on all digits except digit I, claws 
project above and beyond expanded toe pads, dorsal 
edge of toe pad with elongate row of scales forming 
a fringe; below digit a row of enlarged round to oval 
tubercles increasing in size towards toe pads, distal 2-3 
tubercles divided; no conspicuous webbing between 
digits; subdigital lamellae divided, no wedge of granules 
at base, number of subdigital lamellae on fourth finger 
and toe 6. 

Tail long and thin, slightly ovoid at body, tapering to a 
fine point; original tail 55 mm; scales on dorsal surface 
of original tail ~2 x size of scales on body, squarish, 
flattened and arranged in regular rows; ventral scales of 
tail enlarged (up to 1.6 x 1.1 mm near base) and oriented 
transversely or divided and squarish with rounded 
posterior edges. 


Colouration. In life, a light brown background 
colour with loosely formed rows of rich reddish-brown 
blotches and small pale spots; reddish-brown blotches 
occasionally joining to form short transverse bars; 
canthal, loreal and temporal stripes present, with pale 
area between canthal and loreal stripes, post-orbital 
stripes reduced to a spot at most; pale spots finer on top 
of head and snout and larger on tail; tail without well- 
defined bands except near tip; eye reddish-orange with 
dark pupil. In preservative, as for life except as follows: 
light brown background colour on dorsum; pale spots 
with dark brown border; supralabials, rostral and lower 
sides of snout dark brown; dorsal surface of limbs as for 
head; venter pale, infralabials slightly darker. 

VARIATION 

Table 2 and Appendix 2 present variation in 
quantitative characters, and Figures 6 and 15 show a 
range of dorsal patterns. Body size ranged up to 50.0 
mm SVL. To increase sample sizes, we scored 13 
additional males not measured for Table 2 and Appendix 
2 for the presence and number of pre-cloacal pores, 
and the average of 18 males was 10.8, range of 8-15. 
The smallest male with pores was 32.5 mm SVL. 
Females lack pre-cloacal pores and enlarged cloacal 
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spurs, instead having slightly raised analogous scales 
bordering the cloaca. Several females possessed eggs 
or large follicles (always only one), with the smallest 
reproductively active female being 38.0 mm SVL. This 
indicates a large range in adult body sizes for both males 
and females of this species. 

For patterning, the spots in juveniles often had 
the dark and pale markings in contact, but with an 
increase in size the spots tended to spread apart more 
conspicuously representing a possible age shift in this 
character. The well-defined border of the small pale 
spots is usually visible in preserved specimens, but in 
some individuals it is not apparent. Some individuals 
(e.g. WAM R159912) had very fine spots covering the 
dorsum. Regenerated tails had some spotting with 
highly variable and irregular patterns. 

HABITAT AND ECOLOGY 

Collection notes mention under small rocks near 
roadsides, Triodia plain on stony sandy soil, granite 
rocks, rocky drainage lines, sandplain and dune slope. 
Human habitats include under sheets of tin and ‘old 
airstrip’. Of the PBS sites where specimens were pit- 
trapped, notes on habitat included low stony hills, 
bedrock debris, rock fragments, scree and gravel on the 
lower slopes of hills, thin layer of rock pebbles and clay 
over massive stone, broken rocks and stones on outcrop 
surface and a low ridge on slope of basalt outcrop. These 
site descriptions are of low-lying rocks rather than large 
boulders on outcrops that the G. punctata species-group 
members typically inhabit. 

DISTRIBUTION 

Pilbara region of Western Australia (Figure 3). Gehyra 
media sp. nov. occurs throughout the Pilbara, except in 
the Hamersley Range. 

REMARKS 

Within the Pilbara region, G. media sp. nov. occurs 
in the northern portion and also extends to the western 
area south-west of Pannawonica. Although G. micra 
sp. nov. also has a small body size, G. media sp. nov. 
is slightly larger, suggesting some habitat partitioning 
between the two species. Interestingly, it is absent from 
the Hamersley Range, although the small-bodied species 
G. fenestrula sp. nov. and G. micra sp. nov. occur in the 
eastern portion. 

Owing to its widespread distribution in the Pilbara 
and apparent abundance, we regard this species as of 
least conservation concern. 

ETYMOLOGY 

Media is derived from the neuter of medius, meaning 
middle, in reference to this species’ intermediate size 
between G. micra sp. nov. and G. macra sp. nov. 


Gehyra micra sp. nov. 

Small Pilbara Spotted Rock Gehyra 
Figures 6, 16 

urn:lsid:zoobank.org:act:535AB2F7-FDF7-4388-8035- 

0DFE5A8595F6 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R165158, 
adult male, collected from 3.5 km north of Karratha 
Station (PBS site DRW05) (20.8539°S, 116.669°E), by P. 
Doughty and L. Gibson on 17 May 2005. 

Paratypes 

Australia: Western Australia: WAM R110011 
(female), 6 km north-west of Roebourne (20.7364°S, 
117.099°E); WAM R110013 (male), 5 km south of Lake 
Poongkaliyarra (21.0364°S, 117.106°E); WAM R110045 
(female) and WAM R110073 (female), 13.5 km west 
of Wickam (PBS site DRC11) (20.6884°S, 117.007°E); 
WAM R125029 (male), Yandicoogina (22.7125°S, 
119.0672°E); R160879 (female), 3.5 km south of Marda 
Pool (PBS site DRW11) (21.0655°S; 116.15°E). 

DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb, and the presence of transversely widened 
subcaudal scales. Distinguished from other Australian 
Gehyra by small body size (mean 37.4 mm, maximum 
46.5 mm SVL), depressed body and head, snout short 
and narrow with slightly swollen nostril region, top of 
rostral weakly curved, upper postnasal smaller than 
lower postnasal; postnasals -half the size of supranasals; 
0-1 small internasals; nostril surrounded by rostral, 
supranasal, 2 postnasals and first supralabial; 8 or 9 
supralabials, first supralabial slightly taller and narrower 
than second; mental elongate with straight sides and 
penetrating to half the length of the inner chin shield, 
inner chin shields in contact with second infralabial, 
first parinfralabial encroaching on second (usually) or 
third (occasionally) infralabial, fourth finger and toe 
lamellae 5-6, lamellae divided and lacking wedge of 
granules at base of toe, pre-cloacal pores in adult males 
10-19; reddish-brown background colour, dorsal pattern 
with short transverse pale and dark bars or spots not in 
contact; canthal, loreal and temporal stripes present, 
white patch between canthal and loreal stripes and pale 
bar above temporal stripe usually present. 

Further distinguished from other reddish-brown 
Gehyra in the Pilbara as follows. From G. peninsularis 
sp. nov. by less elongate body shape, spots on dorsum 
smaller with pale spots tending to form transverse 
bars, canthal stripe darker, and scales on chin more 
pigmented; from G. media sp. nov. by smaller body 
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FIGURE 16 Variation among Gehyra micra sp. nov. specimens. Holotype specimen is on the left. Scale bar = 10 mm. 


size, narrower snout and spots tending to be ordered 
in rows with pale spots lacking dark edging and often 
forming transverse bars; from G. fenestrula sp. nov. by 
smaller body size, narrower snout, fewer supralabials 
and subdigital lamellae, and pale spots tending to form 
transverse bars with dark and pale elements not in 
contact; from G. punctata by smaller body size, deeper 
head, fewer supralabials and subdigital lamellae and 
pale dark and pale elements of markings not in contact; 
from G. macra sp. nov. by much smaller body size, 
fewer supralabials and subdigital lamellae, more reddish 
dorsum and clearly demarcated spots; from G. pilbara 
by longer and narrower snout, chin shields not very 
reduced in length and lacking a diffuse reticulum as a 
dorsal background pattern; from G. montium by smaller 
body size, narrower snout, fewer subdigital lamellae, 
more numerous pre-cloacal pores and lacking dark 
reticulum on dorsum. 

DESCRIPTION OF HOLOTYPE 

Body size small (35.0 mm SVL), depressed dorsally, 
flat ventrally with defined ventro-lateral fold. Head 
moderately depressed (HeadD = 39% HeadL), in profile 
snout moderately long and longer than eye, snout 
(interorbital/frontal region) straight, canthus broadly 
rounded and slightly raised forming shallow depression 
in between canthal ridges, nostril region only slightly 
swollen; in dorsal view head widest behind eyes 
narrowing anteriorly to relatively narrow snout; neck 


constricted to 2/3 of the widest part of the head. Scales 
on top and sides of snout >3 times larger than crown 
and rest of body; scales in contact with nostril - rostral, 
supranasal, 2 postnasals (upper half the size of lower), 
and first supralabial; first supralabial slightly taller and 
narrower than second; supralabials 8, infralabials 7; 
rostral height 0.9 mm, width 1.4 mm, slightly rounded 
dorsally, weakly furrowed medially, rostral crease -55% 
of height of rostral; internasals 0; nostrils circular and 
directed dorsolaterally and slightly anteriorly. Mental 
length 1.6 mm, width 1.4 mm, triangular, penetrating 
just over half the length of the inner chin shields; inner 
chin shields in short contact with second infralabial; 
outer chin shields 2/3 the height of inner chin shield with 
rounded outer edge (right) or more acute edge (left) in 
contact with granules, first parinfralabial encroaching 
on posterior edge of second infralabial, followed by 2 
(right) or 3 (left) parinfralabials; eye relatively small, 
pupil oval with crenelated edges; above and anterior to 
eye a projecting ridge; ear opening moderate size, oval, 
and lower edge angled forward -10°. 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body. Pre- 
cloacal pores 17, arranged in a chevron with the apex 
pointing anteriorly; cloacal spurs 1 (right side) or 5 (left), 
slightly enlarged, rounded and projecting scales to either 
side of cloaca. 
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Limbs short, arms slender, legs more robust; 
projecting narrow claws present on all digits except 
digit I, claw projects above and beyond expanded toe 
pads, dorsal edge of toe pad with elongate row of scales 
forming a fringe; below digit a row of 3-6 enlarged 
round to oval tubercles increasing in size towards toe 
pads, last 2-3 divided; no conspicuous webbing between 
digits; subdigital lamellae divided, number on fourth 
finger 5, fourth toe 6. Tail ovoid at body, but broken near 
body; regenerated portion 48 mm, narrowing to a point. 

Colouration (in preservative). Light greyish-brown 
background colour on dorsum and upper surfaces; rows 
of alternating pale or brown transverse bars (or spots 
on nape and crown) not in contact; canthal, loreal and 
temporal stripes present, pale patch between canthal and 
loreal stripes, pale bar posterior to eye above temporal 
stripe; labial scales stippled with hiatus near sutures; 
dorsal surface of limbs with scattered pale spots; venter 
dull cream; infralabials, upper limbs, posterior edge of 
thigh, digits, and palmar and plantar surfaces dark grey. 

VARIATION 

Table 2 and Appendix 2 presents variation in 
quantitative characters, and Figure 16 shows a range of 
dorsal patterns. The smallest male with fully expressed 
pre-cloacal pores was 33.5 mm SVL, with another male 
that was 30.0 mm SVL having 13 pores that were only 
weakly perforated. The smallest female with an enlarged 
follicle or egg was 34.5 mm SVL. Most adult body 
sizes were in the 35-40 mm SVL range, but with an 
exceptionally large individual reaching a maximum of 
46.5 mm SVL. 

Pattern was somewhat variable, with usually short 
dark and pale bars across the dorsum, often forming 
transverse rows but many individuals had isolated spots. 
The head stripes were variably expressed as well, but the 
loreal and temporal stripe were prominent, canthal stripe 
usually present but variably expressed and post-orbital 
stripes absent or reduced to a spot at best. 

HABITAT AND ECOLOGY 

Encountered among low rocks on horizontal surfaces, 
only rarely observed on vertical rocks or trees. Typical 
habitats are like the scree at the base of the vertical rock 
face to the left in Figure 8. Collectors’ notes indicate its 
occurrence on Triodia plains on stony sandy soil, rocky 
hills and gorges, schist and granite outcrops, under 
rocks, with one specimen on a rock face and one 1.5 m 
on a small tree in a creek line. 

During the PBS survey, as for G. media sp. nov., this 
species was captured in high numbers in pitfall traps 
(Doughty et al. 2011). PBS sites where G. micra sp. nov. 
was captured include rocky hillsides, scree and gibber 
below massive outcrops and breakaway, sides of basalt 
hills with rock fragments, Triodia hilltop with bedrock 
debris, valley floor plain with pebbles, duricrust on top 
of mesa and rock-sheets below outcrops (McKenzie et 
al. 2009). 


DISTRIBUTION 

Occurs widely across the Pilbara craton, but absent 
from the central and western portions of the Hamersley 
Range and also the Burrup Peninsula near Karratha 
where it is replaced by G. peninsularis sp. nov. 
(Figure 3). 

REMARKS 

This species is one of the smallest within the arid 
clade of the Gehyra variegata group at typically less 
than 40 mm SVL. This small body size with narrower 
snout and preference for low rocks indicates a decided 
shift away from the climbing habits of other species 
from the G. punctata species-group. However, it is 
similar in body size and habits to G. media sp. nov., 
and the two species overlap over most of the Pilbara, 
suggesting they may differ subtly in habitat preferences 
and feeding ecology that are yet to be discerned. 
However, these two species do slightly displace each 
other geographically with G. micra sp. nov. absent 
from the northern edge of the Pilbara, and G. media 
sp. nov. absent from the Hamersley Range and areas 
to the east where records of G. micra sp. nov. occur 
(Figure 3). 

Owing to this species’ abundance and widespread 
distribution in the Pilbara, we regard its conservation 
status as of least concern. 

ETYMOLOGY 

Micra is derived from the Greek mikros meaning 
small. Used as an adjective. 


Gehyra peninsularis sp. nov. 

Burrup Peninsula Rock Gehyra 
Figures 6, 17 

urn:lsid:zoobank.org:act:486CBDC3-E9F3-42BA-BBB7- 

6B5FC1E3CF89 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R165749, 
an adult male collected from Dampier Port, Burrup 
Peninsula (20.6166°S, 116.7500°E) by G. Harold and L. 
Beesley on 26 April 2006. 

Paratypes 

Australia: Western Australia: WAM R132562 
(female), WAM R146581 (male), Burrup Peninsula 
(20.6161°S, 116.7850°E); WAM R165748 (female), as 
for holotype; WAM R165239 (female), 2.4 km west of 
Hearson Cove, Burrup Peninsula (20.617°S, 116.772°E); 
WAM R165240 (male), 3.4 km north-east of Dampier, 
Burrup Peninsula (20.658°S, 116.741°E). 
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DIAGNOSIS 

Differs from non-Australian Gehyra by lack of 
extensive webbing between toes III and IV and a 
cutaneous fold along the posterior margin of the 
hindlimb, and the presence of transversely widened 
subcaudal scales. Distinguished from other Australian 
Gehyra by small body size (mean 42.2 mm, maximum 
48.5 mm SVL), depressed body and head, snout short 
and narrow with slightly swollen nostril region, top 
of rostral weakly curved, furrowed medially, upper 
postnasal half the size of lower; 0-1 small internasals 
(supranasals usually in contact); nostril surrounded by 
rostral, supranasal, 2 postnasals and first supralabial; 
7-10 supralabials, first supralabial slightly taller and 
narrower than second, mental elongate with straight 
sides and penetrating to approximately half the length 
of the inner chin shield, inner chin shields in contact 
with second infralabial, first parinfralabial encroaching 
on second (usually) or third (occasionally) infralabial; 
fourth finger and toe lamellae 5-6, lamellae divided 
and lacking wedge of granules at base of toe, pre- 
cloacal pores in adult males 7-15; light reddish-brown 
background colour, dorsal pattern comprised of rows of 
alternating moderately large pale and dark spots, often 
forming transverse bars; canthal, loreal and temporal 
stripes present, pale white patch between canthal 
and loreal stripes and pale bar above temporal stripe 
usually present. 

Further distinguished from other reddish-brown 
Gehyra in the Pilbara as follows. From G. media 
sp. nov. by larger spots tending to be in contact and 
forming transverse bars, and pale spots lacking dark 
edging; from G. micra sp. nov. by more elongate body 
shape and spots on dorsum larger, forming thicker 
transverse bars; from G. fenestruia sp. nov. by deeper 
head, fewer supralabials, and pale spots tending to 
form transverse bars with dark and pale elements not in 
contact; from G. punctata by smaller body size, deeper 
head, fewer supralabials and subdigital lamellae and 
pale dark and pale elements of markings not usually in 
contact; from G. macra sp. nov. by much smaller body 
size, fewer supralabials and subdigital lamellae, more 
reddish dorsum and clearly demarcated spots; from G. 
pilbara by longer and narrower snout, chin shields not 
very reduced in length and lacking a diffuse reticulum 
as a dorsal background pattern; from G. montium 
by narrower snout, inner chin shield in contact with 
second infralabial and different dorsal pattern: lacking 
short dark and pale bars and/or dark reticulum on 
dorsum. 

DESCRIPTION OF H0L0TYPE 

Body size small (41.0 mm SVL), depressed dorsally, 
flat ventrally with defined ventro-lateral fold. Head 
moderately depressed (HeadD = 37% HeadL), in 
profile snout moderately long and longer than eye, 
snout (interorbital/frontal region) straight, canthus 


broadly rounded and slightly raised forming shallow 
depression in between canthal ridges, nostril region 
only slightly swollen; in dorsal view head widest 
behind eyes narrowing anteriorly to triangular snout 
with rounded tip; neck constricted to approximately 
% maximum head width; scales on top and sides of 
snout >3 times larger than crown and rest of body; 
scales in contact with nostril - rostral, supranasal, 
2 postnasals (upper half the size of lower), and first 
supralabial; first supralabial slightly taller and narrower 
than second; supralabials 8, infralabials 7; rostral 
height 0.9 mm, width 1.8 mm, flat dorsally, furrowed 
medially, rostral crease -50% of height of rostral; no 
internasals; nostrils circular and directed dorsolaterally 
and slightly anteriorly. Mental length 1.8 mm, width 
1.9 mm, narrow and triangular, penetrating half the 
length of the inner chin shields; inner chin shields in 
narrow contact with first infralabial; outer chin shields 
2/3 the height of inner chin shield, first parinfralabial 
encroaching on posterior edge of second infralabial; 
pupil oval with crenelated edges; above and anterior to 
eye a projecting ridge; ear opening moderate size, oval, 
and lower edge angled forward -30°. 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; 
ventral scales 2-3 times larger than dorsal scales, flat 
and slightly imbricate; scales on limbs as for body; 
pre-cloacal pores 14, arranged in a chevron with the 
apex pointing anteriorly; cloacal spurs 3 on each side, 
slightly enlarged, rounded and projecting scales to 
either side of cloaca. 

Limbs short, arms slender, legs more robust; 
projecting narrow claws present on all digits except 
digit I, claw projects above and beyond expanded toe 
pads, dorsal edge of toe pad with elongate row of scales 
forming a fringe; below digit a row of 3-5 enlarged 
round to oval tubercles increasing in size towards 
toe pads, last 1-3 divided; no conspicuous webbing 
between digits; subdigital lamellae divided, number on 
fourth finger 5, fourth toe 6. Tail ovoid at body, original 
portion 10 mm and swollen, regenerated portion -34 
mm and gradually narrowing to a fine point; scales 
on dorsal surface of original tail -2 x size of scales on 
body, slightly imbricate and rounded with posterior 
apex, arranged in regular rows; ventral scales of 
original tails enlarged and oriented transversely, scales 
on regenerated portion as for original but forming less 
ordered rows. 

Colouration. In preservative, light brown background 
colour on dorsum; alternating regular rows of 
moderately large pale or dark spots on dorsum. Head 
as for body but dark spots smaller; canthal stripe weak, 
loreal and temporal stripes present, post-orbital stripes 
absent, white patch between canthal and loreal stripes; 
labial scales near tip of snout lightly pigmented, hiatus 
of pigment near sutures; dorsal surface of limbs with 
pale scattered spots; venter pale cream. 
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FIGURE 17 Variation among Gehyra peninsularis sp. nov. specimens. Holotype specimen is second from the right. Scale 
bar = 10 mm. 


VARIATION 

Table 2 and Appendix 2 present variation in 
quantitative characters, and Figure 17 shows a range of 
dorsal patterns. The smallest male with fully expressed 
pre-cloacal pores was 35.5 mm SVL. Most adult body 
sizes were in the 35-45 mm SVL range, but with a 
maximum of 48.5 mm SVL. 

In life, the background colour is a rich reddish-brown 
(Figure 6), with yellowish-white pale spots and dark 
brown markings; in preservative, background colour 
varied from a light to medium-dark brown. The spots on 
the dorsum sometimes were so close as to form almost 
continuous rows (cf. WAM R132562), ranging to more 
widely separated (WAM R165748). 

ECOLOGY AND HABITAT 

There are almost no habitat notes for this species, 
other than a single mention of ‘creek line’ on the WAM 
database for one specimen (WAM R164116). Given the 
habitats where it occurs and the reddish, spotted pattern 
it is likely to be a terrestrial species living among rocks 
and stones (i.e. not vertical crevices in boulders as for 
the G. punctata species-group members). 

DISTRIBUTION 

Confined to the Burrup Peninsula and offshore islands 
in the northern Pilbara near Karratha, including the 
Dampier port and West Intercourse Island (Figure 3). 


REMARKS 

This species is closely related to G. micra sp. nov., 
with G. peninsularis appearing as a lineage within this 
species in the mtDNA data (Figure 1) but positioned 
as a basal lineage within the Ashman et al. (2018) exon 
capture data set and distinctive with respect to allozymes 
as well (M. Adams and P. Doughty, unpublished data). 
Coupled with the slightly elongate body shape, large rows 
of spots on the dorsum and geographical isolation on 
the Burrup Peninsula, the combined evidence indicates 
this is a distinctive independently evolving lineage. 
Populations of Crenadactylus pilbarensis Doughty, Ellis 
and Oliver, 2016 from the Burrup Peninsula were also 
slightly genetically distinctive (Oliver et al. 2010) as 
well as G. punctata with differences in allozymes (M. 
Adams and P. Doughty, unpublished data). The history 
of the Burrup Peninsula as a potential refugium may be 
of interest biogeographically, especially coupled with 
studies of the effects of changes in sea levels connecting 
current offshore islands, including Barrow Island, and 
the mainland. 

Owing to this species’ restricted distribution, we 
regard its conservation status as ‘data deficient’. 

ETYMOLOGY 

The specific name of peninsularis refers to this 
species’ occurrence on the Burrup Peninsula on the 
northern Pilbara coast. 
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DISCUSSION 

Storr’s (1982) taxonomic conservatism with respect 
to the reddish-brown spotted Gehyra of the Pilbara was 
understandable, given the paucity of collections then 
available and the lack of genetic analyses with which to 
evaluate phylogenetic structure and species boundaries. 
However, both general surveys and directed fieldwork in 
the Pilbara have generated large collections of Gehyra in 
recent decades, yielding geographically representative 
genetic samples and series of specimens large enough 
to meaningfully evaluate intra- vs. interspecific 
variation. This has permitted us to make progress 
in the face of what King (1979) rightly considered a 
‘taxonomist’s nightmare’. Our method followed the 
approach of integrative taxonomy (Padial et al. 2010) 
in which molecular data and morphology provide 
independent lines of evidence to support the recognition 
of species level lineages that are both monophyletic and 
morphologically diagnosable and are broadly consistent 
with the general lineage species concept (de Querioz 
1998). 

We relied on three main lines of evidence in this 
study, including morphology, a mtDNA data set that 
screened hundreds of individuals across the region, 
and a recently published phylogeny that sequenced 
hundreds of nDNA genes but with very few individuals 
per lineage sampled. Each data source excels in some 
areas but has weaknesses in others. For morphology, 
phenotypic expression of colouration can be highly 
variable and convergent, with patterns fading in 
preservation leading to the loss of characters. Moreover, 
the body plan of Gehyra is highly conserved across this 
old and widespread group, with only subtle changes 
in shape across widely divergent lineages (Heinicke 
et al. 2011; Ashman et al. 2018; Doughty et al. 2018; 
Kealley et al. 2018). However, the benefit of working 
with morphology is that many potentially informative 
characters can be inexpensively assessed. For the 
mtDNA evidence, incomplete lineage sorting and 
introgression after divergence can obscure patterns of 
evolutionary history (Maddison and Knowles 2006). 
On the other hand, sufficient numbers of specimens can 
be incorporated into such analyses to evaluate putative 
morphologically-derived clusters of specimens and to 
estimate true geographic distribution, an important 
outcome when working with cryptic species (Kealley et 
al. 2018). Obtaining and analysing nDNA sequences is 
far more laborious in terms of time and cost, resulting 
in very few individuals being sequenced. However, the 
insight gained from such analyses can provide robust 
tests of whether putative taxa behave as independently- 
evolving lineages, a crucial step in evaluating whether 
to refer to such lineages as species (Fujita et al. 2012; 
Sukumaran and Knowles 2017). 

In practice, the key to assigning names to lineages 
in this study first required the stabilisation of the 
name G. punctata, the application of which had been 
uncertain since its first use more than a century ago. 
After this was accomplished, we needed to evaluate the 


validity of G. fenestra, itself an unstable and uncertain 
entity since its proposal by Mitchell (1965). Having 
identified the genetic lineage to which both of these 
names correctly apply, all other lineages recognised 
through genetic means could be characterised and 
diagnosed morphologically and formally described. This 
integrative approach taken here and elsewhere recently 
(e.g. Sistrom et al. 2009; Doughty et al. 2012, 2018; 
Hutchinson et al. 2014; Oliver et al. 2016; Kealley et al. 
2018) has proved highly effective at resolving cryptic 
diversity in conservative Gehyra lineages. 

The resolution of the Gehyra punctata species 
complex here reveals an intriguing large-scale 
biogeographic pattern that can provide insights into 
the evolution of the Australian arid zone fauna. The 
most apparent pattern of Pilbara region Gehyra is 
the high species diversity for saxicoline species 
compared to arboreal and generalist species such as G. 
variegata and G. purpurascens in the arid zone (see 
also Pepper et al. 2014; Heineke et al. 2017; Ashman et 
al. 2018). The arboreal-generalist species tend to have 
massive distributions across the arid zone, whereas the 
saxicoline species have much smaller distributions, 
possibly reflecting patterns of diversity related to the 
rocky regions such as the Pilbara and Central Ranges 
that serve as ancient refugia that are able to promote 
speciation through time (Doughty et al. 2011; Pepper 
et al. 2013; Ashman et al. 2018). The lower diversity of 
arboreal-generalist species may be correlated with their 
habitat preferences for trees and shrubs because arboreal 
habitats are continuous through the arid zone compared 
to the clumped nature of rocky refugia. Interestingly, 
within the arboreal lineages the evolution of saxicoline 
forms has occurred multiple times, e.g. G. minuta, G. 
einasleighensis and other occasions in the G. variegata 
species-group (Ashman et al. 2018; Kealley et al. 2018). 

Within the saxicoline species of the Pilbara region 
there were interesting patterns of body size and 
distribution. For instance, the G. punctata species-group 
and G. media species-group members with generally 
large differences in body size and habitat preferences 
had wide overlap within the Pilbara craton. For the 
large-bodied species of the G. punctata species-group, 
they appeared to be parapatric with G. macra sp. nov. 
occurring exclusively in the northern Pilbara and G. 
punctata to the south. The nature of the rock outcrops 
within these distributions also differs with ironstones 
to the south and more granitoids in the north, and the 
species may be adapted to these different substrates 
(Pepper et al. 2013), bearing in mind the complex 
matrix of habitat types in close proximity in the 
Pilbara (Doughty et al. 2011). The Hamersley endemic 
species G. fenestrula sp. nov. is a basal member of the 
G. punctata species-group and has a moderate body 
size more typical of other arid clade members of the 
G. variegata group (see also Ashman et al. 2018). It 
overlaps broadly with G. punctata and G. micra sp. 
nov., possibly indicating a different habitat preference 
from those more recently evolved species. For the 
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two southern G. punctata species-group members, G. 
punctulata sp. nov. and G. polka sp. nov., these species 
did not overlap with either the larger-bodied members 
of their species-group to the north and no G. media 
species-group members occur south of the Pilbara. 
These southern species possessed body sizes that were 
intermediate, possibly reflecting evolution of a more 
generalised saxicoline body size in the absence of other 
competition. Within the G. media species-group, G. 
media sp. nov. and G. micra sp. nov. differed slightly 
in body size and had areas of wide overlap throughout 
the Pilbara, but with the northern (G. media sp. nov. 
only) and Hamersley Range (G. micra sp. nov. only) 
areas where there was only a single species. Gehyra 
peninsularis sp. nov. appears to be an allopatric 
replacement of other G. micra sp. nov. lineages on 
the Burrup Peninsula. These speculations and more 
sophisticated biogeographic scenarios could be further 
tested, but the description of the species here and in 
Kealley et al. (2018) and other works on Gehyra provide 
a fertile field of further enquiry. 

In addition to being ideal groups for studying a variety 
of evolutionary questions, much of biodiversity may 
remain hidden in highly variable species complexes, 
which can have impact on the design of reserves to 
capture the most phylogenetic diversity (Rosauer et al. 
2018). In this instance the resolution of the reddish- 
brown spotted Gehyra provides further evidence of the 
now well established distinctiveness and high endemism 
of the Pilbara (Powney et al. 2010; Doughty et al. 
2011; Pepper et al. 2013), but it also reveals patterns of 
endemism and richness within the Pilbara that had not 
been previously appreciated. With at least an initial 
understanding of the spatial distribution of the species 
treated in this study we can begin to evaluate the ways 
in which body size and microhabitat use are associated 
with lineage diversification in what we now know to be a 
relatively species rich radiation of Gehyra. 
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APPENDIX 1 Specimens used in this study. WAM R- prefixes not shown. Codes: mtDNA - this study; Allozymes - an unpublished study by M. Adams and R Doughty; Exon capture - 
from Ashman et al. (2018); Morphology - this study; Location - all from Western Australia; Latitude and Longitude in decimal degrees. 
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165527 X West Intercourse Island -20.6852 116.63 
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167627 X Near Nanutarra Roadhouse -22.4686 115.5214 
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117027 X X 15 km NW Paraburdoo -23.1333 117.5667 

120067 X 50 km E Newman (Jimblebar Mine Site) -23.3791 120.1236 

125029 XX X Yandicoogina -22.7125 119.0672 

125036 X Yandicoogina -22.74 119.0525 

125472 X X 30 km E Newman -23.3166 120.0333 
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162359 X 0.2 km N Mount Florance Homestead -21.7868 117.862 
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APPENDIX 2 Summary of morphological measurements for members of the Gehyra punctata species complex: continuous variables, counts and ratios. See Table 1 for an explanation 
of characters. 
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ABSTRACT -Western Australia supports a rich diversity of gecko and pygopod lizard species which 
continues to increase annually through on-going research. Many of these species have representative 
type material in the Western Australian Museum, where the collection currently includes a total of 
2,174 type specimens representing 117 species or subspecies. There is currently type material in the 
collection representing 11 species or subspecies from the family Carphodactylidae (105 specimens), 
44 species or subspecies from the Diplodactylidae (998 specimens), 35 species or subspecies 
from the Gekkonidae (791 specimens) and 27 species or subspecies from the Pygopodidae (280 
specimens). The collection currently contains a total of 102 holotypes, 1 lectotype, 4 neotypes and 
2,066 paratypes. An annotated catalogue is provided for all gekkonid type material currently and 
previously maintained in the herpetological collection of the Western Australian Museum. 


KEYWORDS: type specimens, gecko, legless lizard, pygopod, nomenclature, Western Australian 
Museum, holotype, lectotype, neotype, paratype, allotype, cotype 


INTRODUCTION 

Since its establishment in 1891, the Western Australian 
Museum (WAM) has amassed a substantial and 
expansive natural history collection, particularly 
with respect to the terrestrial vertebrate fauna. The 
WAM herpetological collection represents the second 
largest collection in Australia, behind the Australian 
Museum, Sydney (AMS), and one of the largest regional 
collections in the world containing over 176,000 
specimens, of predominantly Western Australian taxa. 
From the inauguration of the WAM through 1912, all 
material, including amphibian and reptile specimens, 
were accessioned into a series of six general catalogues. 
The earliest documented gekkotan entry into the first 
hardcopy WAM ‘Register 1896-1900’ was ‘1 Pygopus 
lepidopus [Pygopus lepidopodus ]’ from ‘Perth’, given to 
the museum by ‘B.A. Woodward’ and dated 30 August 
1896. Prior to this, many entries list only ‘lizard’ and 
provide no further information. Many earlier acquisitions 
by the WAM were also published in local press prior to 
the use of formal registrations. The earliest record of a 
gekkotan specimen acquisition in the local press was 


published 17 November 1896 and listed as ‘sheltopusik 
snake (pygopus lepidopus)’ (Anonymous 1896); however, 
it is not known if these two records are associated with 
the same specimens. The whereabouts of the Pygopus 
lepidopodus specimen listed in the 1896-1900 register 
is unknown as no registration number or additional 
specimen information was provided that indicates 
whether the specimen was disposed of or maintained in 
the collection and later reregistered into the dedicated 
herpetology collection. In 1912 a separate handwritten 
hardcopy catalogue was established specifically for 
herpetological specimens and all specimens accessioned 
into the collection from this point forward were given 
a registration number prefixed with ‘R’ for reptile. 
The ‘R’ prefix is still in use to denote registration 
numbers and specimens in the herpetological collection, 
including amphibians. Many specimens from the 
earlier general hardcopy catalogues were re-catalogued 
into the newer herpetofauna catalogue and given ‘R’ 
numbers; however, it is not clear if this was completed 
for the entire collection. The earliest gekkotan specimen 
documented in the WAM herpetofauna catalogue is 
an Underwoodisaurus milii, family Carphodactylidae 
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(originally entered as Gymnodactylus miliusii ) from 
‘the Goldfields’, R13, collection date not specified, 
accessioned 17 July 1912. All specimens formerly 
registered in the WAM herpetofauna catalogue with ‘R’ 
prefixed registration numbers have since been entered 
into the current electronic database of herpetological 
specimens. All new specimens are now entered directly 
into the electronic herpetological collection database. 

As of June 2018, the WAM collection contained 
approximately 39,408 gekkotan specimens (2,743 
Carphodactylidae, 11,887 Diplodactylidae, 19,362 
Gekkonidae and 5,416 Pygopodidae) representing 
212 species and/or subspecies including 37,793 of 
Australian origin and 1,615 specimens not from 
Australia. Extralimital specimens include Indonesia (N 
= 1,552), Malaysia (N = 26), Papua New Guinea (N = 
11), India (N = 8), New Caledonia (N = 3), Singapore (N 
= 3), Solomon Islands (N = 3), China (N = 1), a single 
specimen with only Africa’ presented as locality and 
7 with unknown country of origin. The majority of 
gekkotan specimens are whole specimens fixed in a 10% 
formalin solution and stored in a 70% ethanol solution. 
In addition, there are a small quantity of alizarin- 
alcian stained, skeletal and skin preparations of some 
species. Many non-native species have been obtained via 
quarantine intercepts and lack precise locality data. Over 
7,500 type specimens are currently or have previously 
been held in the WAM herpetology collection with 2,216 
specimens representing types of 117 gekkonid species 
or subspecies: 107 primary types (102 holotypes, 1 
lectotype and 4 neotypes) and 2,109 secondary types 
(including one designated as an allotype in the original 
description). A total of 42 paratype specimens have been 
gifted to other institutions since their designation as type 
material or could not be located in the collection and are 
considered lost. The WAM collection contains type 
material for 110 of the 144 currently recognised species 
or subspecies occurring in Western Australia (9 of the 
12 Carphodactylidae, 43 of the 59 Diplodactylidae, 33 of 
the 48 Gekkonidae and 25 of the 33 Pygopodidae). 

The taxonomic interests of WAM herpetological 
curators and researchers from other institutions 
have largely been focused on geckos and pygopods 
throughout the history of the collection. Prior to this, 
until around the mid-19th century, most taxonomic 
work on Western Australian gekkotans was carried out 
by researchers based in Europe. The result is that there 
are few types in the WAM from these early descriptions 
with the exception of some neotype designations 
from the WAM collection. Early taxonomic work on 
Western Australian gekkotans prior to the 21st century 
was largely facilitated by Glen M. Storr and Arnold 
G. Kluge, who between them described a total of 47 
species or subspecies. Storr alone was responsible for the 
description of 26 species or subspecies of geckos and a 
further seven pygopods whereas Kluge was responsible 
for six geckos and eight pygopods. 
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From 2000 to present, the work of Paul Doughty, 
Paul M. Oliver, Mitzy Pepper, Aaron M. Bauer, J. 
Scott Keogh, Craig C. Moritz, Brad Maryan and 
their colleagues have increased Western Australian 
gekkotan diversity through numerous discoveries and 
revisionary works. Most of the new descriptions have 
resulted from revisions, usually with a significant 
molecular genetic component. Indeed, many such 
projects were initiated as phylogeographic studies, 
but uncovered cryptic species diversity (pers. obs.). 
These include divisions of species complexes for which 
distinctive morphotypes had masked subtle differences 
among species; examples of these kinds of species 
complexes include Gehyra spp. ( nana , punctata and 
variegata), Rhynchoedura ornata, Oedura marmorata, 
Diplodactylus spp. ( conspicillatus and vittatus ) and 
Crenadactylus spp. In contrast to revisionary work 
that usually involves many specimens over a wide 
area, new discoveries of species have occurred. Recent 
biodiversity surveys of Western Australia, especially 
in the remote Pilbara and Kimberley regions, have 
revealed heretofore unsuspected distinctive new 
species, such as Underwoodisaurus seorsus and 
Heteronotia atra from the Pilbara, and Oedura 
murrumanu, Gehyra girloorloo and Cyrtodactylus 
kimberleyensis from the Kimberley. 

The WAM published a list of types compiled by 
G.M. Storr annually in the WAM Annual Report from 
1960 to 1969 (Anonymous 1961, 1970). The Annual 
Report type lists presented only primary type material; 
holotypes and lectotypes, and occasionally syntypes 
and neotypes were listed, but no secondary types. 
A total of 10 parts of the type list were presented, 
of which only part 2 (1960-61), part 4 (1962-63), 
part 5 (1963-64), part 7 (1965-66) and part 9 
(1967-68) included gekkotan material for 18 species 
or subspecies (Anonymous 1961, 1963, 1964, 1966, 
1968). Since the 1970 Annual Report, there have been 
no further publications on the type material held in 
the herpetological collection of the WAM. Bauer and 
Henle (1994) presented information on all primary type 
specimens known to them at the time, including many 
Australian species with type material in the WAM 
collection. 

In accordance with recommendation 72F of the 
Code (ICZN 1999), a type specimen audit was 
initiated in order to publish a current type catalogue 
of the material held in the WAM herpetological 
collection. Due to the size of the herpetological type 
collection at the WAM, separate type audits were 
undertaken and the type catalogue will be presented 
in a series of publications. The first of the series 
was a type catalogue of the turtles (Chelidae) (Ellis 
and Georges 2015) followed by the frogs (Anura; 
Hylidae, Limnodynastidae and Myobatrachidae) 
(Ellis et al. 2017). The current type catalogue is the 
third of a series aimed at presenting all type material 
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of amphibians and reptiles held by the WAM and 
presents the type gekkotans (Carphodactylidae, 
Diplodactylidae, Gekkonidae and Pygopodidae) held in 
the WAM collection. 

METHODS 

Information on type specimens was obtained 
from the original description and compared with 
information retrieved from accession data in early 
specimen registers and the current digital herpetology 
specimen database in addition to jar labels, personal 
communications and subsequent publications relating 
to relevant type material. All type specimens in the 
collection of the WAM were examined in addition to 
any respective label information and notations. Where 
specimens could not be located in the type collection, 
extensive searches of the general collection, accession 
data, original descriptions and other records were 
undertaken during the audit to locate missing specimens 
or those lacking data. This catalogue also includes 
type specimens of species that have, subsequent to 
their description, been synonymised and/or resurrected 
from synonymy with other taxa, or those with type 
material donated to the WAM since their description. 
This catalogue was prepared in accordance with the 
rules, recommendations, definitions and amendments 
of the International Code for Zoological Nomenclature 
(International Commission on Zoological Nomenclature 
[ICZN] 1999, 2003, 2012). 

FORMAT 

This catalogue follows the format of previous 
WAM type catalogues for the turtles (Testudines: 
Chelidae) and frogs (Anura: Hylidae, Limnodynastidae; 
Myobatrachidae) housed in the WAM collection (Ellis 
and Georges 2015; Ellis et al. 2017). 


ORIGINAL BIN0MEN 

Genus species subspecies Author, year 

Original type species citation 

Author, year, title, journal, page(s), [page of description]. 

Primary type (holotype/lectotype/syntypes) 
Registration number, locality (latitude/longitude), 
collector(s) and collection date. 

Secondary type(s) (paratype/s) (number of types in WAM 
collection) 

Registration number, locality. 

Current nomenclature 

Current generic and specific recognition of the species. 


Current status 

Current status and validity of the species, synonymies. 
Remarks 

Additional information provided on subjects including 
the history and status of types, location of additional 
type specimens, ambiguity in type designations and 
information regarding the synonymy or resurrection of a 
species or subspecies if necessary and available. Where 
genetic material of type specimens is held in the WAM 
collection, tissue type and storage method is provided. 

Each taxon is presented by the name provided by 
the original author(s), followed by the author’s name, 
and year of publication. Species and subspecies names 
are given in the exact format in which they were first 
published, some of which do not correspond with the 
current International Code of Zoological Nomenclature 
(1999). The original publication citation follows 
next displaying the author(s), year, title (of article 
or book), journal (unless otherwise), page(s) and the 
page on which the species or subspecies description 
commences in square brackets ([x]). Primary type 
(holotype, lectotype or neotype) information includes 
WAM registration number, locality, latitude and 
longitude (in degrees minutes seconds, where recorded 
to that precision or decimal degrees as provided 
in the original description), collector(s) name and 
collection date. Primary type localities shown in 
quotes are those presented in the original published 
descriptions, including errors. Primary type localities 
and coordinates shown in quotes are those presented 
in the original published descriptions. Coordinates 
presented in square brackets [x] unquoted are those that 
have been identified from accession data not presented 
in the description or subsequently determined based 
on locality data presented in the description. All dates 
are presented as day - month - year, month - year or 
year, as presented in the original description or relevant 
information sources. Secondary types (paratype/s) 
are displayed showing WAM registration number and 
locality. Specific locality (latitude and longitude) and 
collection details (collector and date) are not provided 
for secondary type specimens. Specimens marked with 
an asterix (*) are no longer held in the collection of the 
WAM, either due to being gifted to another institution, 
disposal by WAM or loss of specimen. Details of 
specimens no longer held in the collection are discussed 
further in the Remarks section of each species where 
information was available. Current nomenclature 
and status are only presented where change from the 
original binomen has occurred such as generic changes, 
specific amendments, changes to species or subspecies 
status and synonymy or resurrection from synonymy. 
Remarks include relevant information on issues and 
errors from original descriptions, specimens, historical 
remarks or subsequent publications referring to the 
species or specimens as well as information relating 
to the synonymy or resurrection of the species or 
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information pertaining to lost or destroyed specimens. 
Where known, tissue samples for holotypes are 
presented with tissue type, storage method and storage 
location. Secondary type material with tissue samples 
deposited at the WAM are presented with tissue type 
and storage method where known. Tissue samples for 
type material that have been depleted are not presented. 
Square brackets ([x]) indicate corrections or additions 
of information presented in the original description or 
subsequent publications. The prefix R is used to denote 
registration numbers corresponding to the specimens in 
the herpetofauna collection of the WAM. 

We have used the following acronyms and 
abbreviations in presenting type information in this 
catalogue, institution acronyms follow Sabaj Perez (2016). 

AMS Australian Museum, Sydney, NSW, 

Australia 

AMNH American Museum of Natural History, New 
York, NY, U.S.A. 

CCM Craig Charles Moritz Lab Collection, 

Research School of Biology, Australian 
National University, Canberra, Australia. 
Most specimens subsequently deposited in 
relevant museum collections located in state 
of capture (i.e. specimens collected in WA 
deposited in WAM collection). 

E east 

EBU EBUEvolutionary Biology Unit, South 

Australian Museum, Adelaide, SA, 
Australia 

ENE east-northeast 

ESE east-southeast 

FMNH Field Museum of Natural History, Zoology 

Department, Chicago, Illinois, U.S.A. 

HS Homestead 

Hwy Highway 

ICZN International Commission on Zoological 

Nomenclature 
Is Island 

km kilometres 

MCZ Museum of Comparative Zoology, Harvard 

University, Cambridge, MA, U.S.A. 
mi miles 

MNHN Museum National d’Histoire Naturelle, 

Paris, France 
Mt Mount 

N north 

NE northeast 

NHMUK Natural History Museum (formerly British 

Museum (Natural History)), London, 
United Kingdom 

NMV Museum Victoria (formerly National 

Museum of Victoria), Melbourne, Vic., 
Australia 

NNE north-northeast 

NNW north-northwest 


NP 

nr 

NR 

NT 

NTM 


NW 

OS 

Qld 

QM 

Rd 

RMNH 


S 

SE 

SSE 

SSW 

SW 

SA 

SAMA 

SE 

SMF 


SMNS 

SSE 

SSW 

Stn 

SW 

the Code 

UMMZ 

USNM 


UWA 


W 

WA 

WAM 

WNW 

wsw 


National Park 
near 

Nature Reserve 

Northern Territory, Australia 

Museums and Art Galleries of the Northern 

Territory (formerly Northern Territory 

Museum of Arts and Sciences), Darwin, 

NT, Australia 

northwest 

Outstation 

Queensland 

Queensland Museum, Brisbane, Qld, 

Australia 

Road 

Naturalis-Nationaal Natuurhistorisch 

Museum (formerly Rijksmuseum van 

Natuurlijke Historic), Leiden, Netherlands 

south 

southeast 

south-southeast 

south-southwest 

southwest 

South Australia 

South Australian Museum, Adelaide, SA, 

Australia 

southeast 

Senckenberg-Museum, Frankfurt, Germany 

(also referred to as Senckenberg Research 

Institute and Natural History Museum) 

Staatliches Museum fur Naturkunde, 

Stuttgart, Germany 

south-southeast 

south-southwest 

Station 

southwest 

International Code of Zoological 
Nomenclature (edition included in citation) 
University of Michigan Museum of 
Zoology, Ann Arbor, MI, U.S.A. 

National Museum of Natural History, 
Smithsonian Institute (formerly United 
States National Museum), Washington D.C., 
U.S.A. 

Zoology Department Collection, University 
of Western Australia, Crawley, WA, 
Australia. Specimens formerly held in the 
collection have since been accessioned and 
registered into other collections (mostly 
WAM but also includes UMMZ) or 
disposed, 
west 

Western Australia 

Western Australian Museum, Perth, 
Australia 
west-northwest 
west-southwest 


WA, 
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ACCOUNT OFTYPE SPECIMENS 

SQUAMATA 

Family Carphodactylidae 

Gecko Dorreensis Peron, 1807 

Peron, F. (1807) Voyage de Decouvertes aux Terres 
Australes, execute par ordre de Sa Majeste 
I’Empereur et Roi, Sur les Corvettes le Geographe, 
le Naturaliste, et la Goelette le Casuarina, Pendant 
les Annees 1800, 1801, 1802, 1803 et 1804. Vol. I. 
Imprimerie Imperuale, Paris [118]. 

Neotype 

R34085, ‘Bernier Island, Shark Bay [in error, Dorre Is, 
Shark Bay]’, WA [25°09’S, 113°06’E], R.I.T. Prince, 17 
April 1969, designated by Shea (2002). 

Current status 

Nomen oblitum but senior subjective synonym of 
Phyllurus milii Bory de Saint-Vineent, 1823, fide Shea 
( 2002 ). 

Remarks 

The species has generally been regarded as a nomen 
nudum (Cogger et al. 1983; Bauer 1994); however, Shea 
(2002) determined the name was valid for the purposes 
of nomenclature and designated a neotype. Despite 
being the senior name Shea (2002) considered Phyllurus 
milii Bory de Saint-Vincent, 1823 to be a nomen 
protectum and Gecko dorreensis a nomen oblitum in 
accordance with Article 23.9.1 of the 4th edition of 
the Code of Zoological Nomenclature (ICZN 1999) to 
stabilise the usage of the species epithet milii which has 
been consistently applied since its description. 

Examination of hardcopy WAM herpetology register 
reveals the collection locality for the neotype specimens is 
Dorre Island, not Bernier Island as listed by Shea (2002). 

Nephrurus deleani Harvey, 1983 

Harvey, C. (1983) A new species of Nephrurus (Reptilia: 
Gekkonidae) from South Australia. Transactions of 
the Royal Society of South Australia 107: 231-235 
[232]. 

Paratype 

R80751, 44 km S Pimba, SA. 

Remarks 

The holotype is held in the SAMA collection, SAMA 
R21868 ‘44 km south-east of Pimba, SA (31°31’S, 
137°08'E)’, S. Delean, 24 April 1981. Three additional 
paratypes are also held in the SAMA collection (SAMA 
R21865-67). The paratype in the WAM collection was 
formerly held in the SAM collection and still retains 
SAMA registration tag, SAMA R21864. 


Nephrurus levis occidentalis Storr, 1963 

Storr, G.M. (1963) The gekkonid genus Nephrurus 
in Western Australia, including a new species and 
three new subspecies. Journal of the Royal Society of 
Western Australia 46: 85-90 [88]. 

Holotype 

R13918, ‘Narryer, WA (26°34'S, 115 0 56’E)’, N. 
Armstrong, 1961. 

Paratypes (14) 

R61, R7249, R10296, Mullewa, WA; R1904, Yuna, 
WA; R2255, Waggrakine, WA; R5323, Marilla, WA; 
R5353, Geraldton, WA; R8210, Warroora, WA; R8708, 
Onslow, WA; R9007, Cardabia, WA; R9165, Gnaraloo, 
WA; R13113, Yardie Creek, WA; R13917, Narryer, WA; 
R14027, North-west Cape, WA; R16864, 8 mi [12.8 km] 
SW Bullara, WA; R19643, Denham, WA. 

Remarks 

One additional paratype is mentioned by Storr with 
no WAM registration number; instead it lists ‘A. Kluge 
no. 371 (7 miles [11.3 km] SSW of Learmonth)’. Kluge 
(1984) lists the additional paratype listed by Storr in the 
UMMZ reptile type list, registration number UMMZ 
127159, AGK field number 371. 


Nephrurus levis pilbarensis 
Storr, 1963 

Storr, G.M. (1963) The gekkonid genus Nephrurus 
in Western Australia, including a new species and 
three new subspecies. Journal of the Royal Society of 
Western Australia 46: 85-90 [88]. 

Holotype 

R14835, ‘12 miles [19.3 km] east of Mundabullangana, 
WA (20°31’S, 118 0 13'E)’, G.M Storr and B.T. Clay, 23 
February 1962. 

Paratypes (9) 

R1640, De Grey, WA; R3890, Well 15, Canning Stock 
Route, WA; R8520, Shaw River Tank, WA; R11330, 
Shaw River, WA; R13061-62, R13325, Woodstock, WA; 
R14833-34, Mundabullangana, WA. 


Nephrurus sheai Couper, 1994 

Couper, P.J. and Gregson, R.A.M. (1994) Redescription 
of Nephrurus asper Gunther, and description of N. 
amyae sp. nov. and N. sheai sp. nov. Memoirs of the 
Queensland Museum 37(1): 67-81 [63]. 

Paratypes (42) 

R1340, Leopold Downs, WA; R12614, Calwynyardah, 
WA; R13646, Kalumburu, WA; R26633, Halls Creek, 
WA; R27374, Kalumburu, WA; R43153, Mitchell 
Plateau, WA; R46116, Margaret River HS, WA; R46782, 
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Prince Regent River [NP], WA; R47587, 8 km N 
Katherine, NT; R48175, Moola Bulla, WA; R50460, 
Drysdale River NP, WA; R52661, Lake Argyle, WA; 
R56423, King Edward River crossing, WA; R56466, 
Plain Creek, Beverley Springs Stn, WA; R57118, Inglis 
Gap, King Leopold Range, WA; R57123-27, Gibb River 
crossing, 47 km N Gibb River Stn, WA; R58636, 25 
km SE Bedford Downs HS, WA; R58647, 10 km SE 
Lansdowne HS, WA; R58671, 20 km ENE Tableland, 
WA; R60343, R60362, R60947, Jasper Gorge, 53 km 
NW Victoria River Downs HS, NT; R64731, 4.5 km 
SE Clancys Yard, WA; R70029, 43 km NW Fitzroy 
Crossing, WA; R70551, 9.5 km W Inglis Gap, WA; 
R70552, 8.6 km 167° [SSE] Mt Amy, Napier Downs Stn, 
WA; R70562, 3.5 km WNW Lissadell HS, WA; R73904, 
Mt Barnett Stn, WA; R73903, Ellenbrae Stn, WA; 
R77269, R77581, R77585, Mitchell Plateau, WA; R83359, 
24 km NW Mt Elizabeth HS, WA; R83531-32, Galvans 
Gorge, WA; R86927, Lake Argyle, WA; R87082, 0.5 km 
N Mary Pool, WA; R87092, 8 km SW Halls Creek, WA. 

Remarks 

Holotype held in the NTM collection, NTM R11470 
from ‘Bowerbird Camp, Magela Ck, NT (12°47'S, 
133°07'E)’, collected by I. Archibald and J. Bywater, 1 
September 1983. An additional 26 paratype specimens 
are held in other collections: 15 at NTM (NTM R267, 
R297, R387, R2377, R3759-61, R4027, R4272, R11464, 
R12493, R12605, R13485, R17822, R33718), seven at 
AMS (AMS R12876, R13403, R72980, R88668, R93181- 
82, R140279), two at QM (QM J52872, J57515), one at 
NMV (NMV D4552) and one at SAMA (SAMA D3597) 
(Couper and Gregson 1994). 


Nephrurus stellatus Storr, 1968 

Storr, G.M. (1968) Nephrurus stellatus, a new knob¬ 
tailed gecko from southern Australia. Western 
Australian Naturalist 10: 180-182 [180]. 

Holotype 

R28363, ‘41 miles [66 km] E of Southern Cross, WA 
(31°25'S, 120°00'E)’, A. Douglas, 15 January 1967. 

Remarks 

One paratype specimen held in the SAMA collection 
(SAMA R8392) from ‘near Hambidge Reserve, Eyre 
Peninsula, SA\ 


Nephrurus vertebralis Storr, 1963 

Storr, G.M. (1963) The gekkonid genus Nephrurus 
in Western Australia, including a new species and 
three new subspecies. Journal of the Royal Society of 
Western Australia 46: 85-90 [88]. 

Holotype 

R5231, ‘Jibberding, WA (29°58’S, 116°51 , E)% E.W. 
Pendavey, 1935. 
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Paratypes (8) 

R1392, Bencubbin, WA; R1899, Landor, WA; R2490 
[in error, R2940], Jibberding, WA; R5300, Wadgingarra, 
WA; R6191, Mukinbudin, WA; R13112, Yuin, WA; 
R13415, Kununoppin, WA; R17110, Warburton Range 
Mission, WA. 

Remarks 

One additional paratype is mentioned by Storr with no 
museum registration number, instead it lists ‘A. Kluge 
no. 892 (10 miles N of Mundiwindi)’. This specimen 
is now housed in the UMMZ collection, registration 
number UMMZ 127160 (field no. AK 892). Kluge 
(1984) remarks the locality of the UMMZ specimen 
(127160) given by Storr 1963 is in error and the correct 
locality for this specimen is 4.8 km S Mundiwindi. One 
paratype registration number listed by Storr, R2490, is 
in error. The registration number R2490 is a specimen of 
Parasuta gouldii from near Quairading, WA; the correct 
paratype registration number is likely to be R2940, from 
the locality listed by Storr. 


Nephrurus wheeleri Loveridge, 1932 

Loveridge, A. (1932) New lizards of the genera 

Nephrurus and Amphibolurus from Western Australia. 

Proceedings of the New England Zoological Club 13: 

31-34 [31]. 

Paratype 

R4459 (formerly MCZ R32955), ‘Yandil, thirty miles 
[48 km] northwest of Wiluna, WA’ [26°22’S, 119°49’E], 
A.G. Paterson, September 1931. 

Remarks 

MCZ registration numbers presented by Loveridge in 
the description (MCZ ‘32,590-32,596’ including that 
of the holotype) are in error, corrected registrations 
(MCZ R32950-32953) were subsequently presented 
by Barbour and Loveridge (1946) in the MCZ type 
catalogue 14 years following the description. The 
paratype specimen held in the WAM collection was 
formerly deposited in the MCZ collection, registered as 
MCZ R32955. The specimen was gifted by Loveridge 
to WAM following the species description, date 
unknown, and was accessioned and registered as 
R4459 on 30 September 1932. Barbour and Loveridge 
(1946) only present registration numbers for three of 
the six paratypes originally listed by Loveridge as 
the remaining three were gifted to other institutions, 
including WAM and another (MCZ R32954) to ‘Leiden’ 
(presumably RMNH). Although there is no record of it 
in the MCZ catalogue, the third gifted paratype is in the 
Natural History Museum, London, where it is registered 
as NHMUK 1946.8.23.52 (originally 1932.7.13.1, re¬ 
registered after World War II) (Patrick Campbell, 
personal communication, 2017). Examination of the 
MCZ online specimen database (http://mczbase.mcz. 
harvard.edu/) reveals that only six specimens (MCZ 
R32950-55), including the holotype, of the species were 
ever catalogued, suggesting that the NHMUK specimen 
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may have been sent to London before it was assigned 
an MCZ number. Holotype held in the MCZ collection, 
MCZ R32950, from ‘Yandil, thirty miles [48 km] 
northwest of Wiluna, WA’, collected and presented by 
A.G. Paterson, September 1931. 


Nephrurus wheeleri cinctus 
Storr, 1963 

Storr, G.M. (1963) The gekkonid genus Nephrurus 
in Western Australia, including a new species and 
three new subspecies. Journal of the Royal Society of 
Western Australia 46: 85-90 [86]. 

Holotype 

R4284, ‘Tambrey, WA (21°38’S, 117 0 37'E)’, O. Cusack, 
1931. 

Paratypes (18) 

R1009, Jigalong, WA; R2714-16, R4285, R5271, 
R8099, Tambrey, WA; R12275-76, R12283*, R12284- 
86, Mundiwindi, WA; R13114, R14600, Mardie, WA; 
R13840, Roy Hill, WA; R14831-32, 14 mi [22.5 km] SW 
Mundiwindi, WA. 

Remarks 

One paratype, R12283, could not be located during the 
type specimen audit or documentation of gifting or loan 
to another institution. The presence of the specimen was 
not confirmed in audits undertaken in 1998 and 2008 
and is considered lost. 


Phyllurus milii 
Bory de Saint-Vincent, 1823 

Bory de Saint-Vincent [J.B.G.M.] (1823). Phyllure de 
Milius, Phyllurus Milii, Bory. In: Audouin, [J.V.], 
Brongniart, A.[T.], Cambessedes, [J.], de Candolle, 
[A.L.P.P.], Delafosse, G., Deshayes, [G.P.], [Loiseleur-] 
Deslon[g]champs, [J.L.A.], Drapiez, [P.A.J.], Edwards, 
[W.F.], Edwards, H.-M., Fee, A.[L.A.], Saint-Hilaire, 
G., Saint-Hilaire, LG., Guerin[-Meneville], [F.E.], 
Guillemin, [A.], De Jussieu, A., Kunth, [C.S.], 
Latreille, [P.A.], Lesson, [R.P.], Prevost, [L.]C., 
Richard, [A.], Bory de Saint-Vincent [J.B.G.M.]. 
Dictionnaire classique d’Histoire naturelle. Vol. 17. 
Atlas et Illustration de Planches. Rey et Gravier, Paris. 
Plate CXX, Figure 1. [Printed and distributed as Plate 
IV, Figure 1 of the first livraison]. 

Neotype 

R34085, ‘Bernier Island, Shark Bay [in error, Dorre Is, 
Shark Bay]’, WA [25°09’S, 113 o 06’E], R.I.T. Prince, 17 
April 1969, designated by Shea (2002). 

Current nomenclature 

Underwoodisaurus milii, see Aplin and Smith (2001) 
and Oliver and Bauer (2011). 

Current status 

Nomen protectum over senior subjective synonym 
Gecko dorreensis Peron, 1807, see Shea (2002). 


Remarks 

Shea (2002) demonstrated the type illustration of P. 
milii was a specimen of Nephrurus levis occidentals 
Storr, 1963; however, he maintained the species 
epithet milii for the species of Underwoodisaurus 
and designated a neotype in accordance with Article 
23.9.1 of the 4th edition of the International Code of 
Zoological Nomenclature (ICZN 1999). Shea (2002) 
considered Phyllurus milii a nomen protecticum over 
the senior synonym Gecko Dorreensis to stabilise 
nomenclature for the species and the usage of the name 
milii for the species of Underwoodisaurus to which 
the name had been applied for over 180 years since its 
description (see account for Gecko Dorreensis above). 
Examination of hardcopy WAM herpetology register 
entry for the neotype specimen identifies Dorre Island 
as the collection locality, not Bernier Island as listed by 
Shea (2002). 


Underwoodisaurus seorsus 
Doughty & Oliver, 2011 

Doughty, P. and Oliver P.M. (2011) A new species 
of Underwoodisaurus (Squamata: Gekkota: 
Carphodactylidae) from the Pilbara region of Western 
Australia. Zootaxa 3010: 20-30 [22]. 

Holotype 

R157525, ‘Packsaddle Range, Pilbara region, WA 
(22.9144°S, 118.9158 0 E)’ [22°54’51"S, 118°54'56"E], P. 
Cullen and M. Menz, 7 May 2004. 

Paratypes (5) 

R129895, West Angelas, 100 km NE Newman, WA; 
R157520, R157522, R157513, Packsaddle Range, WA; 
R163638, 60 km N Tom Price, WA. 

Remarks 

Liver samples of holotype and all paratypes stored 
frozen (-75°C) at WAM. 


Family Diplodactylidae 

Crenadactylus ocellatus naso Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [337]. 

Holotype 

R56206, ‘Crystal Creek, WA (14°30’S, 125°47'E)’, 
L.A. Smith and R.E. Johnstone, 2 November 1976. 

Paratypes (8) 

R41373-74, Heywood Is, WA; R43220-21, R43224, 
Mitchell Plateau, WA; R56185-87, Crystal Creek, Port 
Warrender, WA. 

Current status 

Crenadactylus naso, see Doughty et al. (2016). 
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Crenadactylus ocellatus rostralis 
Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [339]. 

Holotype 

R32154, ‘Geikie Gorge, WA (18°07’S, 125°39'E)\ 
W.H. Butler, April 1968. 

Paratypes (18) 

R23058, 45 km SE Halls Creek, WA; R26824-26, 
Napier Range, WA; R27388-93, Mt Anderson, WA; 
R46058-59, nr Wolf Creek Meteorite Crater, WA; 
R46115, 10 km E Margaret River HS, WA; R56441-45 
[in error, R56841-45], Lake Argyle, WA. 

Current status 

Crenadactylus rostralis, see Doughty et al. (2016). 
Remarks 

Five registration numbers presented by Storr are in 
error; the registration numbers R56441-45 are associated 
with specimens of other species and correct registration 
numbers for the specimens examined by Storr, matching 
the locality presented in the description and designated 
as type specimens, are R56841-45 (Doughty et al. 2016). 
Doughty et al. (2016) determined that nine paratypes 
(R23058, R46058-59, R46115, R56841-45) are not true C. 
rostralis and are part of the C. naso species complex. 

Crenadactylus occidentalis 
Doughty, Ellis & Oliver, 2016 

Doughty, R, Ellis, R.J. and Oliver, RM. (2016) Many 
things come in small packages: revision of the 
clawless geckos ( Crenadactylus ; Diplodactylidae) of 
Australia. Zootaxa 4168: 239-278 [253]. 

Holotype 

R113683, ‘Dirk Hartog Homestead, Dirk Hartog 
Island, WA (26°00’S, 113°12 , E)’, B. Maryan and R. 
Browne-Cooper, 19 April 1992. 

Paratypes (6) 

R57525, 40 km NE Yuna, WA; R96676, 10 km NW 
Wandina HS, WA; R120779, Nerren Nerren Stn, WA; 
R124891, 38 km WSW Hamelin HS, WA; R131376, 70 
km S Exmouth, WA; R135497, False Entrance Well, 
WA. 

Remarks 

Liver and heart of one paratype (R124891) stored 
frozen (-75°C) at WAM. 


Crenadactylus pilbarensis 
Doughty, Ellis & Oliver, 2016 

Doughty, R, Ellis, R.J. and Oliver, RM. (2016) Many 
things come in small packages: revision of the 
clawless geckos ( Crenadactylus ; Diplodactylidae) of 
Australia. Zootaxa 4168: 239-278 [259]. 


Holotype 

R132630, ‘Burrup Peninsula, WA (20°35'34"S, 
116 0 47'58"E)’, B. Maryan, 31 May 1998. 

Paratypes (6) 

R100988, 80 km S Telfer, WA; R132540, R132627, 
R132629, Burrup Peninsula, WA; R140394, Deepdale 
Outstation, Robe River Stn, WA; R160059, 55 km ESE 
Meentheena Outcamp, WA. 

Remarks 

Liver sample of holotype and all paratypes stored at 
EBU. Heart and liver of one paratype (R132627) stored 
frozen (-75°C) at WAM. 


Crenadactylus tuberculatus 
Doughty, Ellis & Oliver, 2016 

Doughty, P., Ellis, R.J. and Oliver, P.M. (2016) Many 
things come in small packages: revision of the 
clawless geckos (< Crenadactylus ; Diplodactylidae) of 
Australia. Zootaxa 4168: 239-278 [256]. 

Holotype 

R174304, ‘Charles Knife Road, Cape Range 
National Park, North West Cape, WA (22 o 05’26.48’S, 
l^OO^^'E)’, P. Doughty, A.M. Bauer and R.J. Ellis, 
19 August 2014. 

Paratypes (6) 

R61203, Yardie Creek, WA; R134295, R134627, 
R134945, 1.5 km SW Vlamingh Head lighthouse, North 
West Cape, WA; R132481, R132483, Shothole Canyon, 
Cape Range NP, WA. 

Remarks 

Liver of holotype stored in 100% ethanol solution 
at WAM. Liver of four paratypes (R134295, R134627, 
R134945, R132481) and heart of one paratype (R132481) 
stored frozen (-75°C) at WAM. 


Diplodactylus assimilis Storr, 1988 

Storr, G.M. (1988d) The Diplodactylus ciliaris complex 
(Lacertilia: Gekkonidae) in Western Australia. 
Records of the Western Australian Museum 14(1): 
121-133 [128]. 

Holotype 

R72164, ‘15 km NE Bungalbin Hill, WA (30°18'S, 
H9°44'E)’, J. Dell, 22 April 1980. 

Paratypes (65) 

R1304, Laverton, WA; R14211, Cowarna Downs, 
WA; R15213, R48657-58, Queen Victoria Spring, WA; 
R15214, 17 km E Zanthus, WA; R20651, R20652-54, 
R56011, R60922-23, R53335, R56011, R85442-44, 
White Cliffs, WA; R30040, 10 km NW Kalgoorlie, WA; 
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R30851-52, Karalee, WA; R49283, Mt Kenneth, WA; 
R53290, 10 km SW Kookynie, WA; R60922-23, Paynes 
Find, WA; R61322, 25 km E Yellowdine, WA; R67109, 16 
km NE Bungalbin Hill, WA; R67122, R67124, R72112, 
12 km NE Bungalbin Hill, WA; R67174, R72165-70, 
R72213, R76141, R76195, R76218-19, R76226-27, 15 km 
NE Bungalbin Hill, WA; R67184, 20 km NE Bungalbin 
Hill, WA; R69068-70, Yuinmery, WA; R72362, 18 km 
N Heartbreak Ridge, WA; R74502, 32 km N Heartbreak 
Ridge, WA; R75576, Yalgoo, WA; R76034-35, R76044- 
47, 4 km NNE Mt Jackson, WA; R78694, 10 km ESE Mt 
Manning Reserve, WA; R78724, 21 km S Woolgangie, 
WA; R78765, R78776, Boodarding Rock, WA; R86639, 
28 km S Leonora, WA; R86641, 50 km S Leonora, WA; 
R94595, 7 km NE Norseman, WA; R95545-46, 17 km N 
Jeedamya, WA; R95549-50, Comet Vale, WA. 

Current nomenclature 

Strophurus assimilis, see Greer (1989). 

Remarks 

In the original description under paratypes Storr 
stated ‘For details of 67 specimens see under Material’; 
however, only 65 specimens are listed. A number of 
additional specimens were available to Storr at the time 
of description; however, there is no indication which 
additional two specimens were intended to be paratypes 
and we regard only the 65 specimens listed by Storr, 
excluding the holotype, as paratypes. 

Diplodactylus bilybara 
Couper, Pepper & Oliver, 2014 

Oliver, P.M., Couper, P.J. and Pepper, M. (2014a) 
Independent transitions between monsoonal and arid 
biomes revealed by systematic revision of a complex 
of Australian geckos ( Diplodactylus : Diplodactylidae). 
PLoS ONE 9(12): elll895 [41/53]. 

Holotype 

R174500 (formerly SAMA R22820), ‘21 km S 
Barradale WA (22°55'S, 114°46’E)’, B. Miller, 1982. 

Paratypes (22) 

R110027, 6 km S Karratha, WA; R110058, 3.5 km S 
Karratha, WA; R110148, 8 km S Coolawanyah, WA; 
R110182, R110218, R110220, 12.5 km SW Millstream, 
WA; R132529, R132531, R132532, Burrup Peninsula, 
WA; R134523, 8 km N Exmouth, WA; R158331, 
R159932, Giralia HS, WA; R159892, R159894, R159940, 
R159947, 10 km S Mallina HS, WA; R162052-53, 21 km 
SSE Mt Amy, WA; R162059, 19.5 km SSW Mt Amy, 
WA; R163018, 7 km SSE Mt Minnie, WA; R165155, 8.5 
km WSW Yanyare River mouth, WA; R165177, 9.5 km 
ESE Marda Pool, WA. 

Remarks 

The holotype was formerly registered as SAMA 
R22820 before being deposited at WAM following 
the species description in accordance with WA permit 


requirements. Five additional paratype specimens 
are held at other collections: four at SAMA (SAMA 
R22905, R22818-19, R22821) and one at AMS (AMS 
R165713). Liver sample of holotype stored at SAMA. 
Liver sample of all paratypes and heart of three 
(R132529, R132531-32) stored frozen (-75°C) at WAM. 


Diplodactylus calcicolus 
Hutchinson, Doughty & Oliver, 2009 

Hutchinson, M.N., Doughty, P. and Oliver, PM. (2009) 
Taxonomic revision of the stone geckos (Squamata: 
Diplodactylidae: Diplodactylus) of southern Australia. 
Zootaxa 2167: 25-46 [37]. 

Paratypes (22) 

R24602, Eucla, WA; R39921, 2 mi [3.2 km] W 
Greenshield Soak, WA; R56866, Eyre, WA; R91602, 
16 km E Toolinna Rockhole, WA; R91627-28, R91630, 
53 km WNW Toolinna Rockhole, WA; R93273, 
R93275, 32 km NW Clyde Hill, WA; R114154, 4 km 
N Ravensthorpe, WA; R116051, Calyerup Rocks, WA; 
R133572, Saint Ronans NR, WA; R140932, R140941, 
27.5 km SSE Peak Eleanora, WA; R143815, Lake 
Magenta NR, WA; R144224, Bandalup Hill, WA; 
R149069, Scaddan area, WA; R151209, Salmon Gums 
area, WA; R154175, nr Kundip, WA; R156209, Kundip, 
WA; R156943, R156947, Forrestania area, WA. 

Remarks 

Holotype held in the SAMA collection, SAMA R25343, 
‘Hambidge Conservation Park, Eyre Peninsula, SA 
(30°26'40"S, 136°02'30"E)’, collected by the Mammal 
Club of the SA Field Naturalists’ Society, 23 April 1984. 
An additional 11 paratypes held in the SAMA collection 
(SAMA R24763, R25382, R26257, R26322, R26495-97, 
R36643, R39517, R44119, R52488). Two paratypes, 
R24602 and R39921 are also paratypes of Diplodactylus 
granariensis Storr, 1979. Liver of 10 paratypes (R114154, 
R116051, R140932, R140941, R144224, R151209, 
R154175, R156209, R156943, R156947) and heart 
of two (R114154, R116051) stored frozen (-75°C) 
at the WAM. 


Diplodactylus capensis 
Doughty, Oliver & Adams, 2008 

Doughty, P., Oliver, P. and Adams, M. (2008) 
Systematics of stone geckos in the genus 
Diplodactylus (Reptilia: Diplodactylidae) from 
northwestern Australia, with a description of a new 
species from the Northwest Cape, Western Australia. 
Records of the Western Australian Museum 24: 247- 
265 [259]. 

Holotype 

R154901, ‘Shothole Canyon, Northwest Cape, WA 
(22°03’12"S, 114°01T1"E)’, P. Doughty, 13 April 2004. 
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Paratypes (9) 

R81328, 6 km S Exmouth, WA; R81342, R117870, 
R132465-66, Shothole Canyon, WA; R102843, R102900, 
Cape Range NP, WA; R141700, Learmonth, WA; 
R154902, 9 km S Exmouth. 

Remarks 

Liver of the holotype stored frozen (-75°C) at WAM. 
Liver of five paratypes (R102843, R102900, R117870, 
R141700, R154902) and heart of two paratypes 
(R132465-66) stored frozen (-75°C) at WAM. 


Diplodactylus custos 
Couper, Oliver & Pepper, 2014 

Oliver, P.M., Couper, P.J. and Pepper, M. (2014a) 
Independent transitions between monsoonal and arid 
biomes revealed by systematic revision of a complex 
of Australian geckos ( Diplodactylus : Diplodactylidae). 
PLoS ONE 9(12): el 11895 [45/53]. 

Holotype 

R164780, ‘The Grotto, WA (15°43'04"S, 128°15'35"E)’, 
P. Doughty, P. Oliver and D. Moore, 17 January 2008. 

Paratypes (15) 

R11255 [in error, R11225], Wotjulum, WA; R70374, 
nr Lissadell HS, WA; R77417, Port Warrender, WA; 
R78243, Mitchell Plateau, WA; R85120-21, Kununurra, 
WA; R103420, R103448, Bungle Bungle NP, WA; 
R119666, Cockburn Range, WA; R132713, 30 km SSE 
Wyndham, WA; R145042, Koolan Is, WA; R162453, 
20 km W Kununurra, WA; R172675, Talbot Bay, WA; 
R172853, Ellenbrae Stn, WA; R172916, Doongan Stn, 
WA. 

Remarks 

The paratype registration number R11255 is associated 
with two specimens, one a Notechis scutatus from 
Esperance, WA, which original registration catalogues 
show was the specimen first assigned the number, and 
a second, a specimen of D. custos bearing a duplicate 
dymo-printed registration number. The Notechis 
scutatus specimen associated with the registration 
number could not be located and is presumed lost or 
disposed, with no indication in specimen catalogues or 
the current specimen database that the registration has 
been reused for a specimen of D. custos. Examination 
of original registration catalogues shows a specimen 
of D. custos (originally registered as D. conspicillatus ) 
matching the locality referred to by Oliver et al. (2014a) 
registered as R11225; however, no specimens bearing 
the registration number were located in the collection. 
Oliver et al. (2014a) list R11255, based on the specimen 
bearing a registration tag with that number, though they 
provide locality data for R11225 which is presumably 
the correct registration number associated with the 
specimen and the dymo-printed registration tag on the 
specimen is an error. One additional paratype, SAMA 
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R63942, is held in the SAMA collection. Liver of the 
holotype stored in 100% ethanol at WAM. Liver of six 
paratypes stored at WAM, two stored frozen (-75°C; 
R132713, R145042) and four in 100% ethanol solution 
(R162453, R172675, R172853, R172916). 


Diplodactylus fulleri Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [345]. 

Holotype 

R31331, ‘5 km W of the mouth of Savoury Creek 
[Lake Disappointment], WA (23°20'S, 122°40'E)’, M. De 
Graaf, in May 1968. 


Diplodactylus galaxias 
Doughty, Pepper 8t Keogh, 2010 

Doughty, D., Pepper, M. and Keogh, J.S. (2010) 
Morphological and molecular assessment of the 
Diplodactylus savagei species complex in the Pilbara 
region, Western Australia, with a description of a new 
species. Zootaxa 2393: 33-45 [40]. 

Holotype 

R113624, ‘42 km NNE Munjina Roadhouse, WA 
(2159'S, 11845'E)’ [21°54’S, 118°50'E], B. Bush, 15 April 
1992. 

Paratypes (7) 

R146616, 203 km S Port Hedland, WA; R158145, 24.5 
km N Cowra Line Camp, WA; R165134, 2.6 km WNW 
Python Pool, WA; R165502, R165516, R165532, West 
Intercourse Is, WA; R166639, Mons Cupri Mine, WA. 

Remarks 

Liver and heart of holotype and liver of all paratypes 
stored frozen (-75°C) at WAM. 


Diplodactylus granariensis Storr, 1979 

Storr, G.M. (1979a) The Diplodactylus vittatus complex 
(Lacertilia, Gekkonidae) in Western Australia. 
Records of the Western Australian Museum 7(4): 
391-402 [397]. 

Holotype 

R54239, ‘Walyahmoning Rock, WA (20°38'S, 
118°43’E)’, R.B. Humphries, 10 August 1973. 

Paratypes (305) 

R1958, Collie, WA; R3323, Mooliabeenee, WA; 
R12259-60 [in error, R15259-60], Dalyup River, 
WA; R15245, Culham, WA; R15249, Darlington, 
WA; R15257-58, Jerramongup, WA; R15261-62, 
Coragina Rock, WA; R15263-64, R53438-43, Newman 
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Rocks, WA; R15292, R34451-61, Roe Plains, 25 km 
ESE Cocklebiddy, WA; R15999, Seemore Downs, 
WA; R17867-68 Chester Pass, Stirling Range, WA; 
R19808-09, R28951, R29046, Lake Varley, WA; 
R20607, Kalgoorlie, WA; R22277, 25 km E Jurien 
Bay, WA; R22842-43, 25 km SW Toodyay, WA; 
R22849, Kojonup, WA; R23349, 10 km E Woodaniling, 
WA; R24601-02, Eucla, WA; R24652, Madura, WA; 
R24663-67, R27369, R31892, R53375-86, R53418, 
R54249, 8-14 km SE Cocklebiddy, WA; R25286-87, 
8 km NE Mt Peron, WA; R25514, Mundrabilla, WA; 
R25674, 11 km N New Norcia, WA; R26005, 11 km 
W Darkan, WA; R26029, Forest, WA; R26384, Comet 
Vale, WA; R26858, Wanneroo, WA; R26859, 7 mi [11.2 
km] N New Norcia, WA; R27395-96, 13 km W Bolgart, 
WA; R27397-99, 12 km E of mouth of Hutt River, WA; 
R28153, S Caiguna, WA; R29173, Loongana, WA; 
R29288, Boya, WA; R29472, 33 km N Balladonia Hotel, 
Zanthus Rd, WA; R30751-55, 13 km E Fraser Range, 
WA; R30789, Salmon Gums, WA; R30827-28, 8 km N 
Ravensthorpe, WA; R31894, 40 km W Caiguna, WA; 
R31948, Dryandra, WA; R33955, 48 km S Karalee, WA; 
R34439-41, 45 km S Madura, WA; R34485, 20 km S 
Madura, WA; R36008, R36787-90, R36873, R36935, 
R36952-53, Fitzgerald River, WA; R36435, Pigeon 
Rocks, WA; R37732, Point Malcom, WA; R37821, Split 
Rock, 30 km N Mt Holland, WA; R39842-43, R39881, 
R39886, R39918-19, R39920-21, Greenshields Soak, 
29 km E Pingrup, WA; R39902, R43000 [in error, 
R45300], R43001 [in error, R45301], R43006 [in error, 
R45306], R43985, R45306, Lake Magenta Reserve, WA; 
R40060, R40084, R44423, North Tarin Rock Reserve, 
WA; R40230*, Lower Chittering, WA; R41180-81, 
R54243, Walyahmoning Rock, WA; R41194-97, 80 
km NE Rawlinna, WA; R41211, R41629, 36 km NW 
Rawlinna, WA; R41625, 100 km NE Loongana, WA; 
R42616, 10 km SE Ongerup, WA; R42977, Dragon 
Rocks Reserve, WA; R42991, 11 km NW Dragon Rocks, 
WA; R43427, Bendering Reserve, WA; R43612-15, 
R43622-26, Buntine NR, WA; R45967-70, R46321-22, 
R46330, R46333, R46355-58, Trayning Reserve, 11 
km E Kununoppin, WA; R46138, Billyacatting NR, 

11 km NE Kununoppin, WA; R47624, 32 km NNE 
Ravensthorpe, WA; R48056 [in error, R48656], Queen 
Victoria Spring, WA; R48084, R48087, R48245, 
R56997-98, East Yuna NR, 50 km ESE Yuna, WA; 
R48312-13, R48333, R48356, 48 km N Beacon, WA; 
R49002-03, R49015, R48021-23, 4 km E Mt Peron, WA; 
R49100, 5 km W Padbury, WA; R49578-81, R49585-87, 
R49758*, R49759, Dongolocking NR, WA; R50005-06, 
5 km SW Mawson, WA; R50007, 3 km NW Beverley, 
WA; R50208-15, R51334-40, 25 km E Yornaning, WA; 
R50245, Wongan Hills, WA; R51109-10, R51112-16, 

12 km NE Dalwallinu, WA; R52208-10, R52211* (now 
MCZ R158518), R52212* (now MCZ R158519), R52213* 
(now MCZ R158520), R52214* (now MCZ R158521), 
R52215* (now MCZ R158522), R52401-02, 21 km NE 
Quairading, WA; R52316, Yorakine Rock NR, WA; 
R52360, 17 km NW Kellerberrin, WA; R52361, 18 km 
NW Kellerberrin, WA; R52565-70, 8 km NE Bendering, 
WA; R53345-47, 21 km E Balladonia, WA; R54240, 


Chidlow, WA; R54241, 6 km SW Walyahmoning 
Rock, WA; R54242, 87 km N Mt Barker, WA; R54244, 
Ongerup, WA; R54250, York, WA; R55934, 8 km N 
Hopetoun, WA; R57040, 52 km NNE Bonnie Rock, WA; 
R57642, R57648, R57650-52, R57658-59, R57671-73, 
R57675-77, R57681*, R57682, R57685, Wilroy NR, 19 
km S Mullewa, WA; R57775, Marchagee Reserve, WA; 
R57867-906, 20 km NE Dalwallinu, WA. 

Remarks 

Four registration numbers presented by Storr 
are in error: R43000 is a specimen of Ctenophorus 
cristatus, R43001 is a specimen of Ctenophorus 
scutulatus, R43006 a Ctenotus inornatus and R48056 
a Ctenophorus maculatus. The correct registration 
numbers for R43000-01, being Diplodactylus 
granariensis specimens matching the localities given 
by Storr, are R45300-01. R45306 is likely to be the 
correct registration for R43006 given by Storr; however, 
R45306 is also listed by Storr under materials examined, 
with no other specimens with similar registration 
numbers matching the locality given by Storr. R48656 
is likely to be the correct registration number for 
R48056 with matching locality data; however, R48656 
has subsequently been identified as a specimen of 
Diplodactylus wiru Hutchinson, Doughty & Oliver, 
2009. Two paratypes (R24602 and R39921) are also 
paratypes of Diplodactylus calcicolus Hutchinson, 
Doughty & Oliver, 2009. 

Five paratypes were gifted to MCZ by Storr on 17 
December 1979 (R52211-15, now MCZ R158518-22). 
One paratype was gifted to AMS by Storr after the 
description (R49758, now AMS R65114). One paratype 
(R57681) was not recorded in a type audit in 2008 and 
has not been seen since; therefore, the specimen is 
considered lost. 

Kluge (1965) reported on examinations of the 
types of Phyllodactylus barbouri Angel, 1936 in the 
MNHN and Diplodactylus vittatus Gray, 1832 in the 
NHMUK, and concluded they were conspecific. This 
was despite the former having a putative collection 
location of Madagascar but owing to the morphological 
similarities between the types. After the description 
of D. granariensis in 1979, wherein Storr was unaware 
of the issues presented by the P. barbouri holotype, 
Brygoo (1991) and Bauer and Henle (1994) indicated 
that P. barbouri may be a senior synonym of D. 
granariensis rather than D. vittatus. The issue was not 
resolved in a recent revision of the D. vittatus species- 
group by Hutchinson et al. (2009) as the holotype of 
P. barbouri was not examined; however, the need for 
further work to determine whether the holotype could be 
assigned to any taxa recognised in the paper was noted 
as all are quite similar morphologically. Photographs 
of the type specimen of P. barbouri at the MNHN 
(MNHN 5600), also illustrated in Angel (1942, pi. IX 
fig. 7), revealed morphological and pattern similarities 
consistent with D. furcosus Peters, 1863. Following this, 
we treat P. barbouri Angel, 1936 as a junior synonym of 
D. furcosus Peters, 1863 in this paper. 
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Diplodactylus granariensis rex 
Storr, 1988 

Storr, G.M. (1988b) Three new Diplodactylus 
(Lacertilia: Gekkonidae) from the arid zone of 
Australia. Records of the Western Australian Museum 
14: 217-223 [220]. 

Holotype 

R97288, ‘44 km SE Leinster, WA (28°13’S, 121°00'E)’, 
B.G. Bush, 4 October 1986. 

Paratypes (10) 

R69029-31, 24 km ESE Yuinmery, WA; R69084-86, 
29 km ENE Yuinmery, WA; R73622, Ophthalmia 
Range, WA; R81510-11, 21 km SE Bulloo Downs, WA; 
R97289, 50 km SE Leinster, WA. 


Diplodactylus immaculatus Storr, 1988 

Storr, G.M. (1988b) Three new Diplodactylus 
(Lacertilia: Gekkonidae) from the arid zone of 
Australia. Records of the Western Australian Museum 
14: 217-223 [217]. 

Holotype 

R21408, ‘5 km E Tennant Creek, NT (19°40'S, 
134°14'E)’, S.N. Wills, 25 November 1960. 

Paratypes (13) 

R21409, nr Tennant Creek, NT; R21494, 10 km 
E Tennant Creek, NT; R55376, 6 km E Mt Isa, Qld; 
R55397, 13 km N Mt Isa, Qld; R55436-38, R55590-91, 
Fermoy, Qld; R74011-14, Renner Springs, NT. 

Current nomenclature 

Lucasium immaculatum, see Oliver et al. (2007) 


Diplodactylus jeanae Storr, 1988 

Storr, G.M. (1988a) A new species of Diplodactylus 
(Lacertilia: Gekkonidae) from northern Australia. 
Records of the Western Australian Museum 14: 183— 
187 [183]. 

Holotype 

R81843, ‘Port Hedland, WA (20°19’S, 118 0 36’E)’, B.G. 
Bush, 22 November 1982. 

Paratypes (133) 

R2115, De Grey, WA; R15833, 27 km N Weld 
Spring, WA; R21384-87, 3 km SE Tennant Creek, WA; 
R21777-99, 25 km SW Port Hedland, WA; R24152—59, 
14 km SE Elliott, NT; R25147, 3 km SE Turee Creek, 
WA; R26031, Christmas Creek, WA; R27402, 16 km 
S Lagrange, WA; R30389-91, Mundabullangana, WA; 
R36137, 192 km SE Wallal, WA; R36326, Port Hedland, 
WA; R46215, Lagrange, WA; R48942-50, R56694-98, 
Barrow Is, WA; R52948* (now MCZ R158544), 


R52961-62, R61053, R61176-77, R61193, R61216-17, 
R61400, R61488, Vlaming Head, WA; R53798-800, 27 
km ENE Dampier Downs, WA; R53956-57, R70938, 
Edgar Ranges, WA; R57263, R57310, McLarty Hills, 
WA; R58257, Exmouth, WA; R63315-17, R63326, 
R63348-49, R63360, Lens Bore, WA; R63422, Twin 
Heads, WA; R64025, Wolfe Creek Crater, WA; R64103, 
Djaluwon Creek, WA; R64245, R64252, 39 km SSW 
McTavish Claypan, WA; R67568, R83589-90, Balgo, 
WA; R69509, Anketell Ridge, WA; R69907-08, 
R69916-17, 26 km E Bishops Dell, WA; R73606, 25 
km SW Marillana, WA; R75107, 13 km E Anna Plains, 
WA; R80405, 10 km NE Urala, WA; R80456, 9 km NW 
Barradale, WA; R83591-92, 42 km ESE Billiluna, WA; 
R83593, 44 km S Balgo, WA; R83731-39, 10 km S Turee 
Creek, WA; R85336-40, 4 km S Onslow, WA; R95444, 
80 km S Telfer, WA; R95647-52, 14 km SSW Turee 
Creek, WA; R96978-80, Ehrenberg Range, NT; R96981, 
Kintore Range, NT; R96982, Willie Rockhole, NT. 

Current nomenclature 

Strophurus jeanae, see Greer (1989). 

Remarks 

Under paratypes Storr states ‘for details of 131 
specimens see material’; however, there are 133 
registration numbers (excluding the holotype) given. It 
is not known if this is an error in text under paratypes or 
if two specimens listed were not selected as paratypes, 
and if so there is no indication which specimens were 
not meant to be designated as paratypes. All specimens 
listed under ‘material’ other than the holotype are 
considered as paratypes here. One paratype (R52948) 
was gifted to MCZ on 17 December 1979 (now, MCZ 
R158544). 


Diplodactylus kenneallyi 
Storr, 1988 

Storr, G. M. (1988b) Three new Diplodactylus 
(Lacertilia: Gekkonidae) from the arid zone of 
Australia. Records of the Western Australian Museum 
14: 217-223 [221]. 

Holotype 

R95245, ‘foot of stony hill near Lake Buchanan, WA 
(25°35'S, 123°05'E)’, R. Miller, 4 August 1986. 


Diplodactylus klugei 
Aplin & Adams, 1998 

Aplin, K.P. and Adams, M. (1998) Morphological and 
genetic discrimination of new species and subspecies 
of gekkonid and scincid lizards (Squamata: Lacertilia) 
from the Carnarvon Basin region of Western 
Australia. Journal of the Royal Society of Western 
Australia 81: 201-223 [202]. 
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Holotype 

R120941, ‘7 km SE of Woodleigh Outstation, 
WA (26°H'30"S, 114°30'34"E)’, Carnarvon Basin 
Biological Survey team [A.A. Burbidge, P.J. Fuller, A. 
Desmond, M.S. Harvey and J.M. Waldock], collected 
11 October 1994. 

Paratypes (50) 

R8159-60, Warroora, WA; R15278, R55189, 
Overlander Roadhouse, WA; R28654, 10 mi [16 km] S 
Shark Bay turnoff, Northwestern Hwy, WA; R36748, 
R40669, R41589, R177657, Callagiddy HS, WA; R54843, 
7 km W Hamelin HS, WA; R60412-13, Bullara, WA; 
R60618, 6 km NE Mungawolagudi, WA; R61089, 14 km 
W Giralia HS, WA; R61129-32, 2 km E Bullara, WA; 
R61265-66, 26 km W Giralia HS, WA; R71110, 18.4 km 
N Yaringa HS, WA; R71308, 3 km W Winning HS, WA; 
R71572, 5 km SE Gnaraloo HS, WA; R120715, R123460, 
R126758, 9.8 km E Mardathuna HS, WA; R120870, 
R120881, 13.5 km SE Woodleigh OS, WA; R120872*, 
R120884, R120925, R120939, R122961, R125075, 7 km 
SE Woodleigh OS, WA; R120982, R121013, R122579, 
R122658, R122666, R124989, 9.7 km NE Meedo 
HS, WA; R121050, R122527, R122550-51, R122560, 
R122650, R126691, 10.9 km NE Meedo HS, WA; 
R121610, 1.25 km NE Meedo HS, WA; R126905, 14 km 
E Cape Cuvier, WA; R131016, 11 km WNW Woodleigh 
OS, WA. 

Remarks 

There are two specimens of D. klugei associated 
with the registration number R36748. One of these 
two specimens also has a second registration tag 
(R37547) indicating reregistration; however, this 
number is already associated with a specimen of 
Ctenophorus caudicinctus. Review of accession data 
shows the correct specimen first associated with this 
registration number is the Ctenophorus caudicinctus 
specimen accessioned 5 August 1970. The duplication 
of registration numbers is likely to be attributed to the 
past use of dymo-printed labels as registration tags 
which were created on an ‘as needed’ on demand basis 
with erroneous duplication occurring occasionally 
(pers. obs.). It is not known if Aplin and Adams were 
aware of the two specimens and if both or only one 
was used for the species description. The specimen 
with the two duplicate registration numbers (R36748 
and R37547) has been reregistered as R177657 and is 
maintained as a paratype specimen. One specimen, 
R120872, was not located during the type audit or 
during a previous type specimen audit undertaken in 
2008 and is considered lost. Heart of holotype stored 
frozen (-75°C) at WAM. Liver and heart of 15 paratypes 
(R120872, R120982, R121013, R121050, R122527, 
R122550, R122560, R122579, R122650, R122666, 
R122961, R124989, R126758, R126905, R131016) and 
heart of six paratypes (R120715, R120870, R120881, 
R120884, R120925, R120939) stored frozen (-75°C) at 
WAM. 


Diplodactylus lateroides 
Doughty & Oliver, 2013 

Doughty, R and Oliver, RM. (2013) Systematics of 
Diplodactylus (Squamata: Diplodactylidae) from 
the south-western Australian biodiversity hotspot: 
redefinition of D. polyopthalmus and the description 
of two new species. Records of the Western Australian 
Museum 28: 44-65 [55]. 

Holotype 

R156613, ‘Mount Dale, WA (32°08'S, 116°18'E)’, B. 
Maryan and R Orange, 4 June 2005. 

Paratypes (5) 

R117867, Byford, WA; R121167, Cooliabberra Spring, 
WA; R135539 Kingston State Forest, WA; R154719, 
Dwellingup area, WA; R156612, Mt Dale, WA. 

Remarks 

Liver of the holotype and three paratypes (R117867, 
R121167, R156612), heart of one paratype (R121167) 
stored frozen (-75°C) and liver of one paratype 
(R135539) stored in 100% ethanol. 


Diplodactylus maini Kluge, 1962 

Kluge, A.G. (1962a) A new species of gekkonid lizard, 
genus Diplodactylus (Gray), from the southern interior 
of Western Australia. Western Australian Naturalist 
8(4): 97-101 [98]. 

Holotype 

R12242, ‘10 miles [16 km] south of Queen Victoria 
Spring (33 miles [53 km] north of Zanthus), WA’ 
(17°10'S, 128°18’E), A.R. Main, 2 October 1956. 

Paratypes (7) 

R4183, Kulin, WA; R15274, R15275, Newman Rock, 
88 mi [141 km] E Norseman, WA; R? (three specimens*; 
now UMMZ 127538-39), unknown locality; R?*, 
Warburton Mission, WA. 

Current nomenclature 

Lucasium maini, see Oliver et al. (2007). 

Remarks 

No paratypes were designated by Kluge in the original 
description; however, seven additional specimens 
examined and listed under variation (some with WAM 
registrations and others without registrations from the 
UWA Zoology Department) are considered paratypes 
in accordance with Article 7.2.1.1 and Article 72.4.5 
of the Code (ICZN 1999). Kluge includes three 
specimens without locality data from the UWA Zoology 
Department; however, no record of these specimens 
could be found in current or past WAM catalogues or 
registers. In a later publication, Kluge (1967) refers to 
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five specimens without locality data, including three 
in his collection (AK 566, 1378-9) which are likely to 
be the specimens referred to in the description of D. 
maini, the remaining two had the collection locality 
of Perth which was deemed to be in error by Kluge. 
All three AK specimens are now held in the UMMZ 
collection (UMMZ 127538 (formerly AK 566) and 
127539 (formerly AK 1378-79). The single specimen 
from Warburton Mission tentatively assigned to D. 
maini by Kluge is likely to be a specimen of Lucasium 
stenodactylum. A single UWA uncatalogued specimen 
from Warburton was referred to by Kluge (1967) under 
Diplodactylus stenodactylus (=Lucasium stenodactylum) 
which may be the specimen Kluge referred to in the D. 
maini description; however, the current whereabouts of 
this specimen is unknown. 


Diplodactylus mcmillani 
Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [341]. 

Holotype 

R43230, ‘Mitchell Plateau, WA (14°57’S, 126°00’E)’, 
L.A. Smith and R.E. Johnstone, 20 February 1973. 

Paratypes (39) 

R28186, King Edward River, WA; R43039-41, 
R43064-65, R43076-78, R56188-205, Crystal Creek, 
Port Warrender, WA; R43125-26, R43222* (now MCZ 
R158528), R43223* (now MCZ R158529), R43225-29, 
Mitchell Plateau, WA; R47696 [in error, R37696], 
Manning Creek, WA; R50536, Drysdale River NP, WA; 
R57323, Old Theda, WA. 

Current nomenclature 

Strophurus mcmillani, see Greer (1989). 

Remarks 

Two paratype specimens, R43222-23, were gifted to 
MCZ (now MCZ R158528-29) on 17 December 1979 
and are no longer held in the WAM collection. One 
paratype registration number, R47696, is associated 
with a specimen of Cryptophis pallidiceps from Berry 
Springs, NT; the correct registration matching the 
species and locality information presented by Storr is 
R37696. 

Diplodactylus mitchelli 
Kluge, 1963 

Kluge, A.G. (1963a) Three new species of the gekkonid 
lizard genus Diplodactylus Gray from Australia. 
Records of the South Australian Museum 14: 545-553 
[548]. 
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Holotype 

R14823, ‘Coolawanyah homestead, Pilbara Division, 
WA’ [21°49'S, 117°48'E], F.J. Mitchell, 17 July 1958. 

Paratype 

R14824, Coolawanyah HS, WA. 

Remarks 

Kluge referred to one additional specimen under 
‘variation’ as an uncatalogued specimen from Shothole 
Canyon, 12 mi [19.3 km] NNW Learmonth, North West 
Cape held at UWA. Kluge (1967) referrs to a single 
specimen from the above locality under specimens 
examined of D. mitchelli with a UMMZ registration 
(UMMZ 126647) which is likely to be the unregistered 
UWA specimen referred to by Kluge (1963a). This 
specimen is likely Diplodactylus capensis (Doughty 
et al. 2007) which is endemic to the North West Cape 
whereas D. mitchelli is restricted to the Pilbara region. 
Two additional paratypes are held in the SAMA 
collection (SAMA R4280 and R4281). 

Diplodactylus nebulosus 
Doughty & Oliver, 2013 

Doughty, P. and Oliver, P.M. (2013) Systematics of 
Diplodactylus (Squamata: Diplodactylidae) from 
the south-western Australian biodiversity hotspot: 
redefinition of D. polyopthalmus and the description 
of two new species. Records of the Western Australian 
Museum 28: 44-65 [52]. 

Holotype 

R168639, ‘Moresby Range, WA (28.6275°S; 
114.6703°E)’ [28°37'39"S, 114°40T3"E], B. Maryan and 
D. Algaba, 16 June 2009. 

Paratypes (9) 

R61318, 20 km east of Green Head, WA; R100225, 
~7 km north-east of Mt Lesueur, WA; R119081, Yetna, 
WA; R128545, R128551, Lesueur NP, WA; R166718, Mt 
Lesueur, WA; R168638, R168640-41, Moresby Range, 
WA. 

Remarks 

Liver of holotype and five paratypes (R1190814, 
R166718, R168638, R168640-41) and heart of one 
paratype (R119081) stored frozen (-75°C) at WAM. 


Diplodactylus rankini Storr, 1979 

Storr, G.M. (1979b) Five new lizards from Western 
Australia. Records of the Western Australian Museum 
8(1): 134-142 [134]. 

Holotype 

R61474, ‘mouth of Yardie Creek, WA (22°20'S, 
113 0 48'E)’, G. Harold and G. Barron, 7 December 1978. 
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Paratypes (10) 

R15220* (now MCZ R158536), Point Cloates, WA; 
R31940, Coral Bay, WA; R61171-73, R61482, mouth of 
Yardie Creek, WA; R61407-10, Ningaloo, WA. 

Current nomenclature 

Strophurus rnnkini, see Greer (1989). 

Remarks 

One paratype, R15220, was exchanged with MCZ on 
11 April 1980; it is now MCZ R158536. 

Diplodactylus robinsoni Smith, 1995 

Smith, L.A. (1995) A new Diplodactylus, subgenus 
Strophurus (Lacertilia: Gekkonidae) from northern 
Australia. Records of the Western Australian Museum 
17: 351-353 [351]. 

Holotype 

R108646, ‘Mt Parker, Osmond Range, WA (17°10'S, 
128°18'E)’, N. Gambold, 21 July 1991. 

Paratypes (3) 

R67960, 7 km SE Mt Septimus, NT; R108645, 
R108647, Wade Creek, WA. 

Current nomenclature 

Strophurus robinsoni, see Greer (1989) and Aplin and 
Smith (2001). 

Diplodactylus savagei Kluge, 1963 

Kluge, A.G. (1963a) Three new species of the gekkonid 
lizard genus Diplodactylus Gray from Australia. 
Records of the South Australian Museum 14: 545-553 
[550]. 

Holotype 

R14369, ‘Marble Bar, Pilbara Division, WA’ [21°10’S, 
119°44'E], G.M. Storr, 22 September [August] 1960. 

Remarks 

The holotype’s entry into the original registration 
catalogue is listed under the date 22 August 1960. 
Three additional specimens are held in the SAMA 
collection, SAMA R3464A-B and R4282. In the 
original description, Kluge does not designate any 
paratypes; however, the three SAMA specimens (SAMA 
R3464A-B and R4282) listed under variation are 
considered paratypes under Article 72.1.1 and Article 
72.4.5 of the Code (ICZN 1999). 

Diplodactylus spinigerus aberrans 
Glauert, 1952 

Glauert, L. (1952) Herpetological miscellanea. I. Notes 
on some forms of Diplodactylus. Western Australian 
Naturalist 3: 166-168 [167]. 


Holotype 

R2803, ‘Mt Wynne, West Kimberley, WA’ [18°06’S, 
124°27'E], E.W. Bennett [possibly in error], collection 
date unknown, accessioned 30 September 1929. 

Current status 

Strophurus ciliaris aberrans, see Greer (1989) 
for generic allocation and Storr (1988d) for species- 
subspecies combination. 

Remarks 

Early registration data for the holotype specimen 
does not list a collector in the collector/donor column, 
though the previous entry for R2802 lists E.W. Bennett. 
In early hardcopy specimen registration catalogues, 
where multiple specimens were provided by the same 
individual, the collector/donor column was often not 
completed for every entry, indicating the entry was the 
same as the previous entry. An annotation associated 
with R2803 states ‘squirted stuff like cobweb out of 
the spines on its tail’ which Glauert also refers to in 
the species description with a different donor, stating 
‘It will be of interest to record that the donor of one 
of the specimens in the collection, Mr. H.W.B. Talbot, 
mentioned that the lizard ‘squirted out stuff like cobweb 
from the spines on its tail,’ a habit I have observed on 
occasion...’. No other specimens with H.W.B. Talbot 
listed as collector could be located in the collection 
and it cannot be confirmed which of the two is the 
collector of the type specimen, or if the annotations 
in the catalogue refer to another specimen, and E. W. 
Bennett is maintained as the collector/donor of the 
type specimen. The original entry for R2803 lists 
Diplodactylus ciliaris spinigerus ’ as the species, with 
ciliaris since crossed out and ‘var. aberrans ’ written 
above it, followed by ‘Paratype’ and initialled ‘LG’ 
[Ludwig Glauert]. No other specimens available to 
Glauert from the localities mentioned in the description 
have any annotations pertaining to type designations 
and Glauert’s paratype annotation associated with 
R2803 is considered to be in error. 

Diplodactylus spinigerus inornatus 
Storr, 1988 

Storr, G.M. (1988c) The subspecies of Diplodactylus 

spinigerus (Lacertilia: Gekkonidae). Records of the 

Western Australian Museum 14: 177-182 [180]. 

Holotype 

R78354, ‘Frank Hann National Park, WA (32°58'S, 
120°06'E)’, B.G. Muir, 17 [14] November 1980. 

Paratypes (89) 

R679, R96996, Kalamunda, WA; R716, Bickley, WA; 
R1202, Swan View, WA; R1994, Tolls Pass, Stirling 
Range, WA; R2176, Darlington, WA; R2320, Cunderdin, 
WA; R4372, Kulin, WA; R4441, Yoting, WA; R9674, 
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Calyerup, WA; R15241, R95400, East Mt Barren, WA; 
R31116, 8 km W Israelite Bay, WA; R13296, R96992, 
10 km S Nyabing, WA; R19666-67, R61343, Lesmurdie, 
WA; R25360, Boya, WA; R36678-79, 8 km N Pingaring, 
WA; R39094, Mt Hampton, WA; R39844, R39858-60, 
R39880, R39885, Greenshield Soak, WA; R39914-17, 3 
km W Greenshield Soak, WA; R41923, R41934, Duke 
of Orleans Bay, WA; R42617, 10 km SE Ongerup, WA; 
R42975, R43732, R43739, Dragon Rocks Reserve, WA; 
R43401, R64887, R67512-13, 12 km ENE Bendering, 
WA; R44972 [in error, R44971], 18 km W Point Culver, 
WA; R49760-61, Dongolocking Reserves, WA; R49952, 
Mundaring Weir, WA; R52440, 11 km E Quairading, 
WA; R52563-64, R55302-04, 7 km ENE Bendering, 
WA; R55931, R56059, R56060, Fitzgerald Inlet, WA; 
R55935, 5 km N Hopetoun, WA; R56057, 25 km N 
Forrestania, WA; R56558, 25 km N Kellerberrin, WA; 
R56923, Cape Range NP, WA; R58226, 20 km NE 
Dalwallinu, WA; R65153, R68057-58, 7.5 km WSW 
Lake Cronin, WA; R65364, R66081, North Ironcap, 
WA; R66088-89, South Ironcap, WA; R66988, 7 km 
NE Toolinna Rockhole, WA; R69972, R78352, R81415, 
Frank Hann NP, WA; R71867, Borayukkin Rock, WA; 
R77949, 11 km W Point Dempster, WA; R86660, Lort 
River, WA; R86995, mouth of Thomas River, WA; 
R88103, Walyunga NP, WA; R89288, R94285, Fitzgerald 
River NP, WA; R89389, Culham Inlet, WA; R89476-78, 
Yorkinup Bay, WA; R90341 [in error, R93041], R93045, 
Mooliabeenee, WA; R91075, Bluff Knoll Rd, WA; 
R96964, 33 km NE Jerramungup, WA; R96693, 25 km 
SE Kukerin, WA; R96994, Ravensthorpe, WA; R97249, 
19 km N Bencubbin, WA. 

Current nomenclature 

Strophurus spinigerus inornatus, see Greer (1989). 

Remarks 

Storr (1988c) states ‘88 specimens listed under 
Material’ under paratypes; however, 89 specimens 
(excluding the holotype) are presented under material. 
It is not clear which specimen is not a paratype or if the 
statement is in error. All 89 specimens are considered 
as paratypes here. The registration numbers for two 
paratypes presented by Storr are in error, R90341 and 
R44972. There is no entry for R90341 in the hardcopy 
register and no specimens bearing the registration 
number could be found in the Strophurus collection, 
indicating the registration number has not been 
used and the number listed by Storr was in error. A 
specimen of Strophurus spinigerus inornatus matching 
the locality data presented by Storr registered as 
R93041 was found with the rest of the paratypes of the 
subspecies and is presumed to be the correct specimen 
to which Storr was referring. The registration number 
R44972 refers to a specimen of Morethia obscura from 
west of Point Culver. The correct registration matching 
the locality data presented by Storr is R44971. The 
collection date of the holotype, as presented by Storr, 
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is in error; the correct date, as stated in accession data 
for the specimen, is 14 November 1980. Liver sample of 
two paratypes (R77949, R97249) stored frozen (-75°C) 
at WAM. 

Diplodactylus squarrosus Kluge, 1962 

Kluge, A.G. (1962b) A new species of gekkonid lizard, 
genus Diplodactylus, from the Carnarvon region, 
Western Australia. Western Australian Naturalists 
8(3): 73-75 [73]. 

Holotype 

R13805, ‘Hamelin Pool, Shark Bay, WA’ [17°10'S, 
128°18'E]. W.H. Butler, 14 May 1959. 

Paratypes (4) 

R? (three specimens)*, 7 mi [11 km] N; R? 12 mi [19 
km] S Booloogooroo, WA. 

Current nomenclature 

Lucasium squarrosum, see Oliver et al. (2007). 

Remarks 

Kluge did not designate any paratype specimens; 
however, the four specimens mentioned under the 
variation section of the original description are 
considered paratypes under Article 72.1.1 and Article 
72.4.5 of the Code (ICZN 1999). Kluge provides only 
locality data for the four paratypes with no indication 
of specimen locations or registration numbers of 
WAM specimens. No specimens matching the locality 
information provided could be found in the WAM 
collection; however, Kluge (1967) refers to four D. 
squarrosus specimens under material examined from 
the localities in the species description, including AK 
100 (now UMMZ 127547) and three uncatalogued 
UWA specimens from ‘7 miles N. Booloogooroo’ and 
UMMZ 126657 (formerly AK 340) from ‘12 miles 
S. Booloogooroo’. Of the specimens referred to by 
Kluge (1967), UMMZ 126657 is likely to be one of 
the paratypes referred to in the species description 
and the series of three unregistered UWA specimens 
were possibly the remaining three; however, the 
current whereabouts and status of these specimens is 
unknown. 

Diplodactylus wellingtonae 
Storr, 1988 

Storr, G.M. (1988d) The Diplodactylus ciliaris complex 
(Lacertilia: Gekkonidae) in Western Australia. 
Records of the Western Australian Museum 14(1): 
121-133 [126]. 

Holotype 

R15218, ‘40 km NE Laverton, WA (28°33’S, 
122°35'E)’, G.M. Storr, 23 August 1961. 
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Paratypes (62) 

R142, R11565, Laverton, WA; R328-29, Quinns, 
WA; R735-76, Cue District, WA; R5194, Gabanintha, 
WA; R8963, Austin Downs, WA; R10019, Leonora, 
WA; R15216, Nallan, WA; R15217, R86640, 48 km 
S Leonora, WA; R15219, 40 km NE Laverton, WA; 
R19769, R27216, Kathleen Valley, WA; R21112, 57 
km E Wiluna, WA; R22709, Meekatharra District, 
WA; R28954, Glenburgh, WA; R29638, Wiluna, WA; 
R30973, nr Albion Downs, WA; R36714, Canning Gap, 
WA; R51621, 10 km NE Mt Newman, WA; R51920-21, 
Carnarvon Range, WA; R52883, R52889, Mt Augustus, 
WA; R54231, Ophthalmia Range, WA; R56005-06, 12 
km S Laverton, WA; R60520, Wonganoo, WA; R61788, 
61 km NW Prairie Downs, WA; R62785-88, 21 km SE 
Mt Keith, WA; R65778, 14 km ENE Comet Vale, WA; 
R65819, 12 km NE Comet Vale, WA; R65871, R65997, 
R72762, Mt Linden, WA; R66315-16, 31-35 km SW 
Mt Meharry, WA; R69788, Marandoo, WA; R70850, 
20 km NNW Mt Windarra, WA; R72895, 8 km SSE Mt 
Linden, WA; R74869, R74871, 15 km S Hooley, WA; 
R74926, 2 km W Hamersley HS, WA; R81320, 2 km 
S Capricorn Roadhouse, WA; R83730, 10 km S Turee 
Creek, WA; R84377, 32 km SSW Paroo, WA; R84434, 
23 km SSW Anketell, WA; R86638, 40 km S Leonora, 
WA; R87463, 3 km E White Well, WA; R87484-86, 
20 km E Millbillillie, WA; R87491, 26 km W Prenti 
Downs, WA; R94713, Lorna Glen, WA; R95544, 4 km 
N Jeedamya HS, WA; R95548, 27 km S Leonora, WA; 
R95551, 7 km NE Menzies, WA. 

Current nomenclature 

Strophurus wellingtonae, see Greer (1989). 

Remarks 

In the original description Storr states under paratypes, 
‘for 61 specimens see Material’; however, 62 specimens 
are listed under that heading. It is not known if this is a 
typographical error or one specimen was not supposed 
to be listed, and as there is no further information 
indicating the author’s intent, all specimens listed under 
Material are considered here as paratypes. The holotype 
is not listed under Material. 


Diplodactylus wilsoni 
Storr, 1983 

Storr, G.M. (1983) Two new lizards from Western 
Australia (genera Diplodactylus and Lerista ). Records 
of the Western Australian Museum 11: 59-62 [59]. 

Holotype 

R78932, ‘25 km NNW of Waldburg, WA (24°33’S, 
117°14'E)’, S.K. Wilson, 28 July 1982. 

Paratypes (5) 

R78930, Mt Clere Stn, WA; R78931, 21 km SW 
Waldburg, WA; R81213-15, 19 km SW Waldburg, WA. 

Current nomenclature 

Strophurus wilsoni, see Greer (1989). 


Diplodactylus wiru 
Hutchinson, Doughty & Oliver, 2009 

Hutchinson, M.N., Doughty, P. and Oliver, P.M. (2009) 
Taxonomic revision of the stone geckos (Squamata: 
Diplodactylidae: Diplodactylus ) of southern Australia. 
Zootaxa 2167: 25-46 [39]. 

Paratypes (3) 

R100622, R135291, 25 km NNE Queen Victoria 
Spring, WA; R157876, 25 km NNE Queen Victoria 
Spring [in error, Balladonia Roadhouse, Eyre Hwy], WA. 

Remarks 

Holotype held in the SAM A collection, R59908 ‘15 
km S of Mount Finke, SA (31°02’02"S, 134°02’45"E)’, 
collected by D. Armstrong, 27 November 2004. An 
additional 19 paratypes held in the SAM A collection 
(SAMA R18202, R31848, R31863, R31942, R31946-47, 
R31951, R31963, R32052, R32097, R45552, R57217, 
R59458, R61154, R62000-01, R62293, R62367, R62465). 
Liver samples of two paratypes (R135291, R157876) 
stored frozen (-75°C) at WAM. 


Diplodactylus wombeyi 
Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [344]. 

Holotype 

R36747, ‘Cockeraga River, WA (22°05’S, 118°48’E)’, 
J.C. Wombey, 18 June 1970. 

Paratypes (5) 

R36597, R37061-62, R37063*, R37064, Cockeraga 
River, WA. 

Remarks 

One paratype (R37063) was not located during the 
audit; the presence of the specimen was last confirmed 
during a type audit in 2008. 

Diplodactylus woodwardi Fry, 1914 

Fry, D.B. (1914) On a collection of reptiles and 
batrachians from Western Australia. Records of the 
Western Australian Museum 1: 174-201 [175]. 

Holotype 

R14370 (formerly WAM 9876), ‘Western Australia’ 
[Strelley River, Pilbara Division, WA (20°33'S, 
119°00'E)], J.B. Cleland, collection date unknown, 
presumably 1907, first accessioned into WAM collection 
as 9876 on 27 March 1909 (Figure 1). 

Current status 

Junior synonym of Lucasium stenodactylum 
(Boulenger, 1896), see Kluge (1967). 
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FIG U RE 1 Diplodactylus woodwardi Fry, 1914 holotype 

(R14370, formerly 9876) and associated 
loose labels. Scale bar = 10 mm. 

Remarks 

Prior to staff with herpetological interests 
commencing at the WAM, Bernard Henry Woodward, 
the then Director, had specimens sent to Dene Barrett 
Fry at the AMS for identification. This was a common 
practice during earlier years of the institution for 
obtaining identifications of groups for which the WAM 
staff lacked knowledge. Fry subsequently published 
the descriptions of some new species in 1914 from 
among the material loaned to him, including D. 
woodwardi , together with another gecko, Peropus 
variegatus punctatus (= Gehyra punctata ), and a 
pygopod, Ophioseps (= Aprasia) repens. Fry (1914) 
did not provide any reference to the registration 
number of the type specimen and only stated ‘Western 
Australia’ as the type locality. In the type specimens 
list collated by Storr and presented in the WAM 
1960-61 Annual Report, R14370 was identified as 
the holotype (Anonymous 1961). Kluge (1963) also 
listed R14370 as the holotype and first presented the 
type locality of the species as ‘Strelley River, Pilbara 
Division, Western Australia’, based on information 
accompanying the specimen, and listed it as a junior 
synonym of Diplodactylus stenodactylus (= Lucasium 
stenodactylum ). Kluge also noted the specimen was 
in poor condition as it was extremely desiccated 
and devoid of all colour and pattern. Although the 
collection date of the specimen is not listed in the 
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WAM register or species description, John Burton 
Cleland, a Pathologist with the Health Department, was 
reported as being sent to Port Hedland in the Pilbara 
region from August to October 1907 to investigate 
trypanosome disease in imported camels, accompanied 
by entomologist H.M. Giles (Anonymous 1907a, 1907b, 
1908). During this time, he also recorded notes on 
birds observed during part of the expedition at Strelley 
River (Port Hedland-Marble Bar Road) during August- 
October 1907 where he also collected a Painted Firetail 
(Emblema picta ) nest that was subsequently deposited 
at the WAM (Cleland 1909). It is likely the type of D. 
woodwardi was collected sometime during his time in 
the Pilbara in 1907. 

The holotype identified by Storr in the 1960-61 
Annual Report (Anonymous 1961) was formerly 
registered as ‘9876’ prior to being reregistered into 
the herpetology collection as R14370 on 12 July 1962 
according to notations next to the specimen’s entry in 
early specimen catalogues. The early general collection 
specimen catalogue (pre R prefix) list the original 
registration number (9876) which as originally identified 
as ‘Newt’, with Diplodactylus woodwardi. Fry TYPE’ 
written in Glauert’s hand over the top. A second notation 
by Glen Storr from 12 July 1962 states ‘reregistered as 
R14370’ and ‘mounted’. Accompanying the holotype 
specimen is a small stone tile with a handwritten label 
in an unknown hand (possibly Fry’s) tied to it which 
states ‘DIPLODACTYLUS WOODWARDI, Fry’ with 
‘TYPE’ and ‘9876, Strelley R. Dr J.B. Cleland’ below. 
It is likely the specimen was mounted to the tile prior 
to being reregistered in 1962 when a dymo-printed 
registration tag was tied to the specimen. 

Molecular work by Pepper et al. (2006) indicate 
Lucasium stenodactylum occurring in the Pilbara 
region are a divergent lineage and likely to represent a 
different species for which this name is available and 
may apply. 


Lucasium bungabinna 
Doughty & Hutchinson, 2008 

Doughty, P. and Hutchinson, M.N. (2008) A new species 
of Lucasium (Squamata: Diplodactylidae) from the 
southern deserts of Western Australia and South 
Australia. Records of the Western Australian Museum 
25: 95-106 [97]. 

Holotype 

R166888, Bungalbin Hill, WA (30°17'40"S, 
119°44'50"E), D. Robinson, 7 April 2007. 

Paratypes (11) 

R121955-56, Bungalbin Hill, WA; R126400, 
R126405, Bungalbin Sandplain, WA; R151202, 20 km 
E Sandstone, WA; R147385, R155409-10, R155412-13, 
R155417, 7-8 km WNW Point Salvation, WA. 
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Remarks 

An additional 10 paratypes held in the SAMA 
collection (R56597, R59368, R59774, R60342, R61197, 
R61310, R61443, R62250, R62265, R62338). Liver 
sample of holotype and three paratypes (R126400, 
R126405, R151202) and heart of three paratypes 
(R121956, R126400, R126405) stored frozen (-75°C) at 
WAM. 


Oedura filicipoda King, 1984 

King, M. (1984b) Three new species of Oedura 
(Reptilia: Gekkonidae) from the Mitchell Plateau of 
north Western Australia. Amphibia-Reptilia 5: 329- 
337 [332]. 

Holotype 

R83707, ‘near the Mitchell Plateau, WA (14°53'25"S, 
125°44'35"E)’, R. How, 20 January 1982. 

Paratype 

R83708, nr Mitchell Plateau, WA. 

Oedura fimbria 
Oliver & Doughty, 2016 

Oliver, P.M. and Doughty, P. (2016) Systematic revision 
of the marbled velvet geckos ( Oedura marmorata 
species complex, Diplodactylidae) from the Australian 
arid and semi-arid zones. Zootaxa 4088(2): 151-176 
[168]. 

Holotype 

R154783, ‘Brockman Ridge, WA (23.3108°S, 
119.9169°E)’ [23°18'38"S, 119°55’00"E], J. Fraser, 5 April 
2004. 

Paratypes (14) 

R105965, 7 km N Mt Magnet, WA; R119991, R119993, 
Hope Downs, WA; R129595, R129635, 120 km NW 
Newman, WA; R135369, Mt Brockman, WA; R154796- 
97, Walga Rock, WA; R157504, R157508, R157516, 
Packsaddle Range, WA; R157595, West Angelas, WA; 
R160074, 32.5 km ESE Meentheena Outcamp, WA; 
R165150, 5 km NNW Python Pool, WA. 

Remarks 

Liver of holotype stored frozen (-75°C) at WAM. Liver 
of 11 paratypes (R119993, R129595. R135369, R154796- 
97, R157504, R157508, R157516, R157595, R160074, 
R165150) and heart of three (R105965, R119991, 
R135369) stored frozen (-75°C) at WAM. 


Oedura gracilis King, 1984 

King, M. (1984b) Three new species of Oedura 
(Reptilia: Gekkonidae) from the Mitchell Plateau 
of north Western Australia. Amphibia-Reptilia 5: 
329-337 [334]. 


Holotype 

R83709, ‘near the Mitchell Plateau, WA (14°53’30"S, 
125°45'00"E)’, R. How, 21 January 1982. 

Paratype 

R83710, Walsh Point, WA. 

Oedura murrumanu 
Oliver, Laver, Melville & Doughty, 2014 

Oliver, P.M., Laver, R.J., Melville, J. and Doughty, 
P. (2014b) A new species of velvet gecko (Oedura: 
Diplodactylidae) from the limestone ranges of the 
southern Kimberley, Western Australia. Zootaxa 
3873(1): 49-61 [51]. 

Holotype 

R173368 (field no. PM054), ‘Oscar Range, WA 
(17.9166°S, 125.3024°E)’ [17°54'59"S, 125°18’08"E], P. 
Oliver, P. Horner and S. Perkins, 28 October 2013. 

Paratypes (2) 

R173369 (field number PM052), R173370 (field no. 
PM056), Oscar Range, WA. 

Remarks 

Three additional paratypes held in the NMV 
collection (NMV D76948 (field no. PM055), D77002 
(field no. PM051), D76947 (field no. PM053). 


Oedura obscura King, 1984 

King, M. (1984b) Three new species of Oedura 
(Reptilia: Gekkonidae) from the Mitchell Plateau of 
north Western Australia. Amphibia-Reptilia 5: 329- 
337 [330]. 

Holotype 

R83706, ‘near the Mitchell Plateau, WA’ [14°53'30"S, 
125°45'00"E], J. Dell, 27 July 1982. 

Current nomenclature 

Amalosia obscura, see Oliver et al. (2012). 

Oedura reticulata Bustard, 1969 

Bustard, H.R. (1969) Oedura reticulata, a new velvet 
gecko from south-west Western Australia. Western 
Australian Naturalist 11: 82-85 [83]. 

Holotype 

R23350, ‘9 miles [14.4 km] N Kalanning, WA 
(33°22'S, 117°32'E)’, L.A. Smith, 28 October 1964. 

Paratypes (10) 

R4407* (now MCZ R158553), Kulin, WA; R5932, 
Northam, WA; R6380* (now MCZ R158554), Dedari, 
WA; R6580, Spencer’s Brook, WA; R12790, Dryandra, 
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WA; R15296, 11 km SE Bindoon Hill, WA; R21989, 
66 km E Southern Cross, WA; R26450* (now MCZ 
R158555), 24 km S Holt Rock, WA; R29085 [in error, 
R29055], 12 km W Wandering, WA; R29379, 6 km E 
Holt Rock, WA. 

Current nomenclature 

Hesperoedura reticulata, see Oliver et al. (2012). 

Remarks 

One registration number presented by Bustard is in 
error, R29085 is associated with a specimen of agamid, 
Ctenophorus isolepis isolepis from Roebourne, WA. 
The correct registration number matching the locality 
information presented by Bustard is R29055. Three 
paratypes (R4407, R6380 and R26450) were gifted 
to MCZ in April 1980 (now MCZ R158553-55). Four 
additional paratype specimens held in other collections: 
two at NMV (NMV D1689, D2450) and two at QM (QM 
R13858, R13859). 

Phyllodactylus strophurus 
Dumeril & Bibron, 1836 

Dumeril, A.M.C. and Bibron, G. (1836) Erpetologie 
Generate ou Histoire Naturelle Complete des Reptiles. 
Vol. 3. Librairie Encyclopedique de Roret, Paris. 517 
pp. [397, pi. 32, fig. 1], 

Neotype 

R6535, ‘[Gullewa via] Yalgoo, WA’ [28°39’S, 
116°39'E], collected by V. Walker, collection date 
unknown, designated by Kluge (1967). 

Current Nomenclature 

Strophurus strophurus, see Wells and Wellington 
(1984). 

Remarks 

In their original description, Dumeril and Bibron 
provide the type locality of ‘baie des Chiens marins’ [= 
Shark Bay] and identify [J.R.C.] Quoy and [J.P.] Gaymard 
as collectors (Kluge 1967). The original type was held in 
the collection of Museum National d’Histoire Naturelle 
Paris, but was already missing as early as 1851 (Dumeril 
and Dumeril 1851; Brygoo 1990), prompting Kluge (1967) 
to designate a neotype. The neotype locality presented by 
Kluge is not precise, original accession data (3 August 
1937) lists the locality as ‘Gullewa via Yalgoo’ and not 
just ‘Yalgoo’ as presented by Kluge. 


Pseudothecadactylus lindneri cavaticus 
Cogger, 1975 

Cogger, H.G. (1975) New lizards of the genus 
Pseudothecadactylus (Lacertilia: Gekkonidae) from 
Arnhem Land and northwestern Australia. Records of 
the Australian Museum 30: 87-97 [93]. 
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Holotype 

R43176, ‘near Mitchell River Falls, approximately 25 
km southwest of Crystal Head, Port Warrender, WA 
(14°40'S, 125°42'E)’, L.A. Smith and R.E. Johnstone, 14 
January 1973. 

Paratypes (2) 

R43137, Surveyors Pool, Mitchell Plateau, WA; 
R43175, nr Mitchell River Falls, approx. 25 km SW 
Crystal Head, Port Warrender, WA. 

Current status 

Pseudothecadactylus cavaticus, see Smith (1989). 

Rhynchoedura sexapora 
Pepper, Doughty, Hutchinson & Keogh, 2011 

Pepper, M., Doughty, P., Hutchinson, M.N. and Keogh, 
J.S. (2011) Ancient drainages divide cryptic species 
in Australia’s arid zone: Morphological and multi¬ 
gene evidence for four new species of beaked geckos 
( Rhynchoedura ). Molecular Phylogenetics and 
Evolution 61: 810-822 [817]. 

Holotype 

R170241 (formerly AMS R139904), ‘El Questro 
Station, WA (-16.01861°S, 128.00389°E)’ [16°01’07"S, 
128°00T4"E], H. Cogger et al., 1 September 1992. 

Paratypes (2) 

R132755, Carlton Hill Stn, WA; R164785, 35 km W 
Kununurra, WA. 

Remarks 

Holotype formerly held in the AMS collection, 
registered as AMS R139904. Four additional paratypes 
held in the AMS collection (AMS R117265, R139902, 
R139905, R139903). Liver of two paratypes stored at 
WAM, one stored frozen (-75°C; R132755) and one 
stored in 100% ethanol solution (R164785). 


Family Gekkonidae 

Cyrtodactylus kimberleyensis 
Bauer & Doughty, 2012 

Bauer, A.M. and Doughty, P. (2012) A new bent-toed 
gecko (Squamata: Gekkonidae: Cyrtodactylus ) from 
the Kimberley region, Western Australia. Zootaxa 
3187: 32-42 [34]. 

Holotype 

R164144, ‘East Montalivet Island, Kimberley region, 
WA (14°16'S, 125°18'E)’, R. Browne-Cooper, 26 April 
2007. 

Remarks 

Liver sample of the holotype stored frozen (-75°C) at 
WAM. 
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Gehyra capensis 
Kealley, Doughty, Pepper, Keogh, 

Hillyer & Huey, 2018 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, 
M. and Huey, J. (2018) Conspicuously concealed: 
revision of the arid clade of the Gehyra variegata 
(Gekkonidae) species group in Western Australia 
using an integrative molecular and morphological 
approach, with the description of five cryptic species. 
PeerJ 6: e5334 [17/33]. 

Holotype 

R117869, ‘Vlaming Head, WA (21°48'S, 114°06’E 
(original coordinates, in ocean); 21.808°S, 114.111°E 
[21°48'28"S, 114°06'39"E] (estimate))’, G. Harold and 
R.J. Teale, 3 January 2003. 

Paratypes (5) 

R153818, Vlaming Head, WA; R174300-02, Charles 
Knife Road, Cape Range NP, WA; R174316, Mandu- 
Mandu Gorge, Cape Range NP, WA. 

Remarks 

Liver sample of holotype and two paratypes (R153818, 
R174316) stored frozen (-75°C) and three paratypes 
(R174300-02) stored in 100% ethanol solution at the 
WAM. 

Gehyra crypta 

Kealley, Doughty, Pepper, Keogh, 

Hillyer & Huey, 2018 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, 
M. and Huey, J. (2018) Conspicuously concealed: 
revision of the arid clade of the Gehyra variegata 
(Gekkonidae) species group in Western Australia 
using an integrative molecular and morphological 
approach, with the description of five cryptic species. 
PeerJ 6: e5334 [19/33]. 

Holotype 

R156482, ‘Upper Marillana Creek, WA (22°41’S, 
118°57'E)’, M. Ladyman and colleagues, 15 April 2005. 

Paratypes (5) 

R111672, 1 km NNW Mount Bruce, WA; R117152, 
Dead Horse Rocks, 6.5 km N Menzies, WA; R151160, 
Tom Price, WA; R157121, West Angelas, WA; R165142, 
2.1 km NNE Millstream, WA. 

Remarks 

Livers of holotype and four paratypes (R111672, 
R117152, R151160, R165142) and heart of one paratype 
(R117152) stored frozen (-75°C) at WAM. 

Gehyra fenestra Mitchell, 1965 

Mitchell, F.J. (1965) Australian geckos assigned to 
the genus Gehyra Gray (Reptilia, Gekkonidae). 
Senckenbergiana Biologica 46: 287-319 [307]. 


Holotype 

R20199, ‘Mt. Herbert’, WA [21°20'S, 117°13'E], F.J. 
Mitchell and W.H. Butler, 25 July 1958. 

Paratypes (4) 

R20198, R20201, Tambrey HS, WA; R20200, Big Hill 
Pool, Tambrey, WA; R20202, Mt Herbert, WA. 

Current status 

Junior synonym of Gehyra punctata, fide Storr (1982). 
Remarks 

Five additional paratypes held in the SAM A collection 
(SAMA R4596-97; SAMA R4601-02; SAMA R4600). 
Storr (1982) synonymised G. fenestra with G. punctata 
Fry, 1914; however, it was recognised as a distinct taxon 
by Cogger et al. (1983), further supported by Bauer 
and Henle (1994) who stated, ‘we tentatively recognise 
G. fenestra as distinct’. See Doughty et al. (2018a) for 
the decision to maintain synonmy of G. fenestra with 
G. punctata based on the rediscovery of the missing 
syntype of the latter. 

Gehyra fenestrula 

Doughty, Bauer, Pepper & Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [24]. 

Holotype 

R111769, ‘Wheelarra Hill (PBS [Pilbara Biological 
Survey] site BDRS03), WA (23.3586°S, 120.4590°E 
[23°2F30"S, 120°27'32"E])’, D. Pearson, K. Morris and 
M. Pepper, 2 October 2005. 

Paratypes (6) 

R71633, 21 km WSW Marillana HS, WA; R114337, 35 
km SE Prarie Downs, WA; R125083, 15 km E Newman, 
WA; R127475, 32 km S Newman, WA; R129925, West 
Angelas, 100 km WNW Newman, WA; R135018, Mt 
Whaleback, WA. 

Remarks 

Liver sample of holotype and five paratypes (R114337, 
R125083, R127475, R129925, R135018) and heart of 
four paratypes (R114337, R125083, R127475, R129925) 
stored frozen (-75°C) at WAM. 

Gehyra girloorloo 

Oliver, Bourke, Pratt, Doughty 8t Moritz, 2016 

Oliver, P.M., Bourke, G., Pratt, R.C., Doughty, P. 
and Moritz, C. (2016) Systematics of small Gehyra 
(Squamata: Gekkonidae) of the southern Kimberley, 
Western Australia: redescription of G. kimberleyi 
Borner & Schuttler, 1983 and description of a new 
restricted range species. Zootaxa 4107(1): 49-64 [56]. 
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Holotype 

R175045 (field no. CCM3257), ‘Gogo Station, 
Pillara Range, south entrance of Menyous Gap, WA 
(18.40439°S, 125.83698°E)’ [18°24T5"S, 125°50T3"E], 
RM. Oliver, G. Armstrong and R Skipwith, 4 November 
2014. 

Paratypes (6) 

R113727, Cadjbut Mine, 90 km SE Fitzroy Crossing, 
WA; R175037 (field no. PM0147), R175038 (field no. 
PM0149), <1 km S Galeru Gorge, WA; R175039 (field no. 
CCM3242), R175040 (field no. CCM3243), R175043 (field 
no. CCM3246), Limestone Billy Hills, Gogo Stn, WA. 

Remarks 

Four additional paratypes held in the NMV collection 
(NMV D77029-32, Ngumpan Cliff area, WA). Liver and 
heart sample of one paratype (R113727) stored frozen 
(-75°C) at WAM. 


Gehyra granulum 
Doughty, Palmer, Bourke,Tedeschi, 

Oliver & Moritz, 2018 

Doughty, P., Bourke G., Tedeschi, L.G., Pratt, R.C., 
Oliver, P.M., Palmer, R.A. and Moritz, C. (2018b). 
Species delimitation in the Gehyra nana (Squamata: 
Gekkoidae) complex: cryptic and divergent 
morphological evolution in the Australian Monsoonal 
Tropics, with the description of four new species. 
Zootaxa 4403(2): 201-244 [220]. 

Holotype 

R176212, ‘Bell Gorge water hole, WA (16.99333°S, 
125.20489°E)’ [16°59’35"S, 125°12T7"E], G. Bourke, J. 
Bragg, R. Laver and P. Title, 22 May 2013. 

Paratypes (8) 

R158823, Bigge Is, WA; R168558 (field no. BP01286), 
Champagny Is, WA; R168561 (field no. BP01272), 
Byam Martin Is, WA; R171072 (field no. BP00315), 
Augustus Is, WA; R171403, Bachsten Creek bush camp, 
WA; R171426, Prince Regent River NP, WA; R176224 
(formerly CCM1339), Gibb River Road, WA; R176245 
(formerly CCM1492), Gibb River Road, WA. 

Remarks 

Two additional paratypes held at NMV (NMV D75774 
and D75778). Liver sample of five paratypes stored in 
100% ethanol (R168558, R168561, R171072, R171403, 
R171426) and one stored frozen (-75°C) (R158823) at the 
WAM. 

Gehyra incognita 
Kealley, Doughty, Pepper, Keogh, 

Hillyer & Huey, 2018 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, 
M. and Huey, J. (2018) Conspicuously concealed: 
revision of the arid clade of the Gehyra variegata 
(Gekkonidae) species group in Western Australia 
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using an integrative molecular and morphological 
approach, with the description of five cryptic species. 
PeerJ 6: e5334 [24/33]. 

Holotype 

R161379, ‘38 km north-north-west of Marble Bar, 
site PHYC06 of the Pilbara Biodiversity Survey, WA 
(20°50'07"S, 119°40T8"E)’, A.H. Burbidge and C. 
Stephenson, 26 September 2005. 

Paratypes (5) 

R145629, 18 km S Port Hedland, WA; R156815, Port 
Hedland area, WA; R159848, 12.5 km S Whim Creek 
Hotel, WA; R165149, 5 km NNE Python Pool, WA; 
R166629, Mons Cupri Mine, WA. 

Remarks 

Liver sample of holotype and all five paratypes stored 
frozen (-75°C) at WAM. 


Gehyra koira ipsa Horner, 2005 

Horner, P. (2005) Gehyra koira sp. nov. (Reptilia: 
Gekkonidae), a new species of lizard with two 
allopatric subspecies from the Ord-Victoria region 
of north-western Australia and a key to the Gehyra 
australis species complex. The Beagle, Records of the 
Museums and Art Galleries of the Northern Territory 
21: 165-174 [171]. 

Holotype 

R101238, ‘Piccaninny Massif, Purnululu (Bungle 
Bungle) National Park, WA (17°27'S, 128°24 , E)’, N. 
Gambold, 25 August 1989. 

Paratypes (11) 

R101237, R101239* (now NTM R28099), Picaninny 
Massif, Purnululu (Bungle Bungle) NP, WA; R104283- 
84, Frog Hole Gorge, Purnululu (Bungle Bungle) 
NP, WA; R104285* (now NTM R28098), R104290- 
91, Echidna Chasm, Purnululu (Bungle Bungle) 
NP, WA; R104286, R104288, R104295, Piccaninny 
Gorge, Purnululu (Bungle Bungle) NP, WA; R104289, 
Wulwuldji Spring, Purnululu (Bungle Bungle) NP, WA. 

Remarks 

Two paratypes (R101239 and R104285) were gifted 
to the NTM on 19 May 2006, now registered as NTM 
R28099 and R28098, respectively. 

Gehyra koira koira Homer, 2005 

Horner, P. (2005) Gehyra koira sp. nov. (Reptilia: 
Gekkonidae), a new species of lizard with two 
allopatric subspecies from the Ord-Victoria region 
of north-western Australia and a key to the Gehyra 
australis species complex. The Beagle, Records of the 
Museums and Art Galleries of the Northern Territory 
21: 165-174 [168]. 

Paratypes (3) 

R108446 (formerly NTM R10520), Keep River NP, 
NT; R108447 (formerly NTM R22462), Limestone 
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Gorge, Gregory NP, NT; R108448 (formerly NTM 
R24253), Fitzmaurice River, Bradshaw Stn, NT. 

Remarks 

All three paratypes were formerly held in the NTM 
collection, gifted to WAM by Horner in 2006. Holotype 
held in the NTM collection, NTM R22406 from 
‘Nganlang Art Site, Keep River National Park, NT 
(15°48'26"S, 129°06'23"E)’, collected by P. Horner, 27 
April 1996. 

Gehyra macra 

Doughty, Bauer, Pepper & Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [17]. 

Holotype 

R162703, ‘Baldy Rock, WA (21.05°S, 118.80°E 
[21°03'S, 118 0 48'E])’, P. Dougthy, C.A. Stevenson and 
P.G. Kendrick, 17 May 2006. 

Paratypes (11) 

R154517, Yarrie Mining Camp, WA; R156587, 
R160096-98, 13 km SE Braeside, WA; R162688, 
R162701-02, Baldy Rock, WA; R173363, Roy Hill 
Rail chainage 76, 65 km S South Hedland; R173364, 
R173366, Roy Hill Rail chainage 75, 67 km S South 
Hedland, WA. 

Remarks 

Liver of holotype and eight paratypes (R154517, 
R156587, R160096-98, R162688, R162701-02) stored 
frozen (-75°C) and liver sample of three paratypes 
(R173363-64, R173366) stored in 100% ethanol solution 
at the WAM. 

Gehyra media 

Doughty, Bauer, Pepper & Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [27]. 

Holotype 

R162687, ‘Baldy Rock, Pilbara region, WA (21.05°S, 
118.80°E [21°03'S, 118°48’E])’, P. Doughty, C.A. 
Stevenson and P.G. Kendrick, 15 May 2006. 

Paratypes (5) 

R160940, 9 km NW Lake Poongkaliyarra, WA; 
R161014, 3.5 km S Marda Pool, WA; R162686, R162704, 
Baldy Rock, WA; R174289, Nanutarra Roadhouse, WA. 


Remarks 

Liver sample of holotype four paratypes (R160940, 
R161014, R162686, R162704) stored frozen (-75°C) and 
liver sample of one paratype (R174289) stored in 100% 
ethanol solution at the WAM. 


Gehyra micra 

Doughty, Bauer, Pepper 8i Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [29]. 

Holotype 

R165158, ‘3.5 km N Karratha Station (PBS [Pilbara 
Biological Survey] site DRW05), WA (20.8539°S, 
116.669°E [20°51T4"S, 116 o 40 , 08 ,, E]) , , P. Doughty and L. 
Gibson, 17 May 2005. 

Paratypes (6) 

R110011, 6 km NW Roebourne, WA; R110013, 5 km 
S Lake Poongkaliyarra, WA; R110045, R110073, 13.5 
km W Wickham, WA; R125029, Yandicoogina, WA; 
R160879, 3.5 km S Marda Pool, WA. 

Remarks 

Liver sample of holotype and all six paratypes and 
heart of one paratype (R125029) stored frozen (-75°C) at 
WAM. 


Gehyra montium 
Storr, 1982 

Storr, G.M. (1982) Two new Gehyra (Lacertilia: 
Gekkonidae) from Australia. Records of the Western 
Australian Museum 10(1): 53-59 [56]. 

Holotype 

R31732, ‘Mt Lindsay, SA (27°02'S, 129 0 53'E)’, G.M. 
Storr, J.R. Ford and P. J. Fuller, 29 August 1968. 

Paratypes (76) 

R20715-23, Barrow Range, WA; R20730-33, 
Cavenagh Range, WA; R20944, Cave Hill, Musgrave 
Ranges, SA; R20967, Piltadi Rockhole, Mann Ranges, 
SA; R20981-87, R34149, Blackstone Pass, WA; 
R22028, R22032, Warburton Range, WA; R24296-99, 
R24301, Devils Marbles, 12 km N Wauchope, NT; 
R31692, Hinckley Range, WA; R31698-700, 8 km NW 
Mt Davies Camp, SA; R31712, 18 km S Mt Davies 
Camp, SA; R31721-23, Krewinkel Hill, SA; R31728, 
28 km Mt Lindsay, SA; R31733-66, R44364-65, Mt 
Lindsay, SA; R54289, 2 km E Emily Gap, NT. 
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Gehyra multiporosa 
Doughty, Palmer, Sistrom, Bauer 
& Donnellan, 2012 

Doughty, P., Palmer, R., Sistrom, M.J., Bauer, A.M. and 
Donnellan, S.C. (2012) Two new species of Gehyra 
(Squamata: Gekkonidae) geckos from the north-west 
Kimberley region of Western Australia. Records of the 
Western Australian Museum 27: 117-134 [128]. 

Holotype 

R167804, ‘Surveyors Pool, Mitchell Plateau, WA 
(14.6733°S, 125.7322°E)’ [14°40’23"S, 125°43’55"E], P. 
Doughty and C.A. Stevenson, 9 January 2007. 

Paratypes (6) 

R167890, Mitchell Plateau, WA; R168177, Boongaree 
Is, WA; R168577, Augustus Is, WA; R168584, Byam 
Martin Is, WA; R171491, R171547, Prince Regent River 
NR [NP], WA. 

Remarks 

Liver of holotype and three paratypes (R167890, 
R168577 and R168584) stored in 100% ethanol at WAM. 

Gehyra nana Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [347]. 

Holotype 

R28214, ‘King Edward River, WA (presumably in 
14°52'S, 126°12'E)’, A.K. Lee, 8 June 1965. 

Paratypes (94) 

R27750 [in error, R27550], R27751-52 [in error, 
R27551-52], R27757-62 [in error, R27557-62], R56639 
[in error, R56839], Kalumburu, WA; R28187, R28213, 
R28215-18, King Edward River, WA; R40441, Augustus 
Is, WA; R40469* (now MCZ R158546), R40470* (now 
MCZ R158547), R40471* (now MCZ R158548), R43147, 
R43157, Mitchell Plateau, WA; R41391, Darcy Is, WA; 
R41371-72, Heywood Is, WA; R41428-31, Champagne 
Is, WA; R41455, Bigge Is, WA; R42704, 13 km NNE 
Argyle Downs, WA; R43062-63, R43079-81, R56167, 
R56211, R56212, Crystal Creek, WA; R43559-62, 
Pago, WA; R44051-55, R44065-66, Sir Graham Moore 
Is, WA; R44075, Anjo Point; R44088, Boongaree Is, 
WA; R44110, South-west Osborne Is, WA; R44144, St 
Andrew Is, WA; R44157-65, Kingfisher Is, WA; R44195 
[in error, R44195A (now R99543)], Melomys Is, WA; 
R46668-72, R46706-07, R46710 [in error, R47010], 
R46883, R46884, R46831-32, R46837-38, Prince Regent 
River NR [NP], WA; R50330-32, R50400-03, R50414, 
R50465, R50507, R50675, R50783, R50797, R50802, 
R50811, Drysdale River NP, WA; R56357, 2 km E of 
Mitchell River Falls, WA. 


Remarks 

Registration numbers for 12 paratypes presented 
by Storr are in error; R27750 is a specimen of 
Tiliqua scincoides, R27750-52 and R27757-59 are 
specimens of Cyclodomorphus melanops melanops, 
R27760 is a specimen of Cyclodomorphus maximus, 
R27761-62 are specimens of Egernia stokesii badia, 
R44195 is a specimen of Hydrophis ornatus, R46710 
is a specimen of Liasis burtonis and R56639 is a 
specimen of Lerista kingi. The correct registrations for 
specimens matching the collection localities presented 
by Storr are R27550-52, R27557-62, R47010, 
R56839, and R44195A (now R99543). Examination 
of early registration catalogues revealed two entries 
associated with the number R44195; one part of a 
series (R44194-95) and a second suffixed with an 
A (R44195A); however, Storr referred to R44195 
only. The entry for R44195 is entered as ‘ Hydrophis 
ocellatus ’ from ‘near Sunday Island, Exmouth Gulf, 
WA’, collected August 1973 and R44195A entered as 
‘Gehyra ‘punctata” from Melomys Island (original 
entry stated ‘South Wood Island, Collier Bay, WA’ 
with South Wood crossed our and ‘Melomys I’ written 
above it, collected 12 July 1973. The second entry 
(R44195A) is annotated with ‘Now 99543 Las [Laurie 
A. Smith] 17/5/88’. 

Thirty-three paratypes have been identified as other 
Gehyra species; 13 are G. granulum (R40441, R41371- 
72, R41428-31, R44088, R46668, R46672, R50783, 
R56167, R56211), 10 are G. occidentals (R44157-65, 
R99543), nine are G. multiporosa (R41391, R41455, 
R44144, R46883-84, R46831-32, R46837-38) and one 
G. koira koira (R50402) (Doughty et al. 2018b). Three 
paratypes were gifted to MCZ on 17 December 1979 
(R40469-71, now MCZ R158546-48). 


Gehyra ocellata 

Kealley, Doughty, Pepper, Keogh, 

Hillyer & Huey, 2018 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, 
M. and Huey, J. (2018) Conspicuously concealed: 
revision of the arid clade of the Gehyra variegata 
(Gekkonidae) species group in Western Australia 
using an integrative molecular and morphological 
approach, with the description of five cryptic species. 
PeerJ 6: e5334 [24/33]. 

Holotype 

R173013, ‘Barrow Island, WA (20°47'46"S, 
115°25'52"E)’, S. Schmidt, 11 December 2012. 

Paratypes (6) 

R165741, Barrow Is, WA; R165971, Trimouille Is, WA; 
R165973-75, Hermite Island, WA; R172939, WAPET 
Barge Landing, Barrow Is, WA. 
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Remarks 

Kealley et al. list only five specimens under Paratypes; 
however, a sixth specimen (R165741) is presented in 
Figure 7 (p. 23/33) with the figure caption ‘Variation 
among preserved Gehyra ocellata sp. nov. specimens. 
(A) Holotype specimen, (B) paratype specimens...’. 
As this specimen contributed to the description and 
variation of the species it is considered a paratype. Of 
the five specimens listed under Paratypes, one is not 
shown in Figure 7 which only shows five paratype 
specimens (R165971). Liver sample of holotype and all 
six paratypes stored frozen (-75°C) at WAM. 

Gehyra occidentalis King, 1984 

King, M. (1984a) A new species of Gehyra (Reptilia: 
Gekkonidae) from northern Western Australia. 
Transactions of the Royal Society of South Australia 
108(2): 113-117 [114]. 

Holotype 

R83711, ‘Manning Gorge, WA (16°44’S, 125°57'E)’, 
D.R. King, 3 July 1980. 

Paratypes (9) 

R45009, Napier Range, WA; R58757-59, Wombarella 
Creek, Napier Downs, WA; R70553, R70664, 8.6 km SE 
Mt Amy, Napier Downs, WA; R70587, 11.5 km SE Mt 
Percy, WA; R83712-13, 32 km E of turnoff to Napier 
Downs on Gibb River Rd, WA. 

Remarks 

One paratype, R83712 has been identified as a 
specimen of Gehyra multiporosa by Doughty et al. 
( 2012 ). 

Gehyra paranana 
Bourke, Doughty,Tedeschi, Oliver 
& Moritz, 2018 

Doughty, P., Bourke G., Tedeschi, L.G., Pratt, R.C., 
Oliver, P.M., Palmer, R.A. and Moritz, C. (2018b). 
Species delimitation in the Gehyra nana (Squamata: 
Gekkoidae) complex: cryptic and divergent 
morphological evolution in the Australian Monsoonal 
Tropics, with the description of four new species. 
Zootaxa 4403(2): 201-244 [215]. 

Paratype 

R177563 (field no. CCM2937), Florence Falls turnoff, 
Litchfield National Park, NT. 

Remarks 

Holotype held at NTM, NTM R37057, from ‘Dorat 
Road, Robin Falls area, NT (13.35278°S, 131.13361°E)’ 
[13°21T0"S, 131 o 08'01"E] by P.M. Oliver, P. Skipworth 
and M. Hammer, 21 September 2013. Eleven additional 
paratypes held at NTM (NTM R20246, R36554, 
R36578-79, R37056, R37831 (formerly CCM0651), 
R37832 (formerly CCM0652), R37833 (formerly 
CCM2881), R37834 (formerly CCM2883), R37835 
(formerly CCM2885) and R37836 (formerly CCM2936)). 


Gehyra peninsularis 
Doughty, Bauer, Pepper 8l Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [31]. 

Holotype 

R165749, ‘Dampier Port, Burrup Peninsula, WA 
(20°37'S, 116°45'E])’, G. Harold and L. Beesley, 26 April 
2006. 

Paratypes (5) 

R132562, R146581, Burrup Peninsula, WA; R165239, 
2.4 km W Hearson Cove, Burrup Peninsula, WA; 
R165240, 3.4 km NE Dampier, Burrup Peninsula, WA; 
R165748, Dampier Port, Burrup Peninsula, WA. 

Remarks 

Liver sample of holotype and all five paratypes stored 
frozen (-75°C) at WAM. 


Gehyra pilbara Mitchell, 1965 

Mitchell, F.J. (1965) Australian geckos assigned to 
the genus Gehyra Gray (Reptilia, Gekkonidae). 
Senckenbergiana Biologica 46: 287-319 [303]. 

Holotype 

R20046, ‘Tambrey, on the Pilbara Plateau, WA’ 
[21°38'S, 117°36'E], F.J. Mitchell and W.H. Butler, 
collected between 28 July and 3 August 1958. 

Paratypes (41) 

R20026-45, R20047-67, Tambrey, WA. 

Remarks 

The allotype specimen (R20040) listed by Mitchell 
was excluded from the list of designated paratype 
specimens in the description due to its allotype 
status; however, the specimen is maintained with the 
paratype specimens in the WAM type collection, as 
allotypes have no special standing under the rules of 
nomenclature. An additional 41 paratypes are held in 
other collections: 37 at SAMA (SAMA R4433-69) and 
four at SMF (SMF 60040-43). 

Gehyra pluraporosa 
Bourke, Doughty,Tedeschi, Oliver, 

Myers 8i Moritz, 2018 

Doughty, P., Bourke G., Tedeschi, L.G., Pratt, R.C., 
Oliver, P.M., Palmer, R.A. and Moritz, C. (2018b). 
Species delimitation in the Gehyra nana (Squamata: 
Gekkoidae) complex: cryptic and divergent 
morphological evolution in the Australian Monsoonal 
Tropics, with the description of four new species. 
Zootaxa 4403(2): 201-244 [224]. 
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Holotype 

R174024, ‘King Edward River, WA (14.75373°S, 
126.21050°E)’ [14°45'13"S, 126°12'37"E], Doughty, P., 
Ellis, R. J. and Catullo, R., 7 March 2014. 

Paratypes (4) 

R174026, King Edward River, WA; R176170 (formerly 
CCM0918), King Edward River, 30 km N Theda Stn HS, 
WA; R176372 (formerly CCM5962), R176373 (formerly 
CCM5963), Bruce’s Creek, Theda Stn, WA. 

Remarks 

Liver sample of holotype stored in 100% ethanol at the 
WAM. 


Gehyra polka 

Doughty, Bauer, Pepper & Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [22]. 

Holotype 

R132290, ‘6 km north-west of Noondie Outstation, 
WA (27.0744°S, 117.0789°E [27°04'27"S, 117°04 , 44 ,, E])’, 
B. Maryan, 11 April 1998. 

Paratypes (7) 

R119368-69, 50 km SW Yalgoo, WA; R127414-15, 
10.3 km S Yinnietharra HS, WA; R127543, Barnong HS, 
WA; R132291, 6 km NW Noondie OS, WA; R132294, 
Marlandy Hill, WA. 

Remarks 

Liver sample of holotype and six paratypes (R119368, 
R127414-15, R127543, R132291, R132294) and heart of 
three (R127414-15, R127543) stored frozen (-75°C) at 
WAM. 


Gehyra pseudopunctata 
Doughty, Bourke,Tedeschi, Oliver 
& Moritz, 2018 

Doughty, P., Bourke G., Tedeschi, L.G., Pratt, R.C., 
Oliver, P.M., Palmer, R.A. and Moritz, C. (2018b). 
Species delimitation in the Gehyra nana (Squamata: 
Gekkoidae) complex: cryptic and divergent 
morphological evolution in the Australian Monsoonal 
Tropics, with the description of four new species. 
Zootaxa 4403(2): 201-244 [217]. 

Holotype 

R164776, ‘Mt Nyulasy, WA (16.74527°S, 
128.28250°E)’ [16°44’42"S, 128°16’57"E], P. Doughty, 
P.M. Oliver and D. Moore, 17 January 2008. 

Paratypes (9) 

R70554, 9 km SSE Mt Amy, WA; R132856, 10 km S 
Bow River Stn, WA; R151018, R164777-78, R176304 
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(formerly CCM3085), Mt Nyulasy, WA; R172099 (field 
no. BP02080), Windjana Gorge, WA; R17623 8 (formerly 
CCM1440), Sir John Gorge, Mornington [Stn], WA; 
R176242 (formerly CCM1464), Teronis Gorge, Tableland 
[Stn], WA. 

Remarks 

One additional paratype held at NMV (NMV 
D77003). Liver sample of holotype and two paratypes 
(R164777-78) stored in 100% ethanol and two stored 
frozen (-75°C) (R132856, R151018) stored at the WAM. 
In the paratypes heading, Doughty et al. (2018b) state 
‘(9)’ specimens; however, 10 registrations are listed 
below, nine from WAM and one from NMV. 


Gehyra pulingka 
Hutchinson, Sistrom, Donnellan 
& Hutchinson, 2014 

Hutchinson, M.N., Sistrom, M.J., Donnellan, S.C. and 
Hutchinson, R.G. (2014) Taxonomic revision of the 
Australian arid zone lizards Gehyra variegata and G. 
montium (Squamata, Gekkonidae) with description of 
three new species. Zootaxa 3814(2): 221-241 [238]. 

Paratype 

R166314, Kurtjurntari Rockhole, WA. 

Remarks 

Holotype held in the SAMA collection, SAMA 
R65248, ‘Umuwa, Musgrave Ranges, SA (26°28'45"S, 
113°57'02"E)’, collected by M. Hutchinson, 26 May 
2010. An additional 15 paratypes held in the SAMA 
collection (SAMA R28265, R28322-23, R41876-77, 
R42069, R44892, R50119, R51536-37, R51540, R51565, 
R51574, R54751, R61926). Liver sample of WAM 
paratype stored at EBU. 


Gehyra punctulata 

Doughty, Bauer, Pepper & Keogh, 2018 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, 
J.S. (2018a) Spots before the eyes: revision of the 
saxicoline geckos of the Gehyra punctata (Squamata: 
Gekkonidae) species complex in the Pilbara region of 
Western Australia. Records of the Western Australian 
Museum 33(1): 1-50 [19]. 

Holotype 

R139194, ‘Mount Minnie, WA (22.2650°S, 115.4072°E 
[22°15'54"S, 115°24'25"E])’, P.G. Kendrick, 26 June 2000. 

Paratypes (6) 

R113599, R113633, 30 km ENE Nanutarra, WA; 
R117038, R117040, 18 km W Mt Stuart HS, WA; 
R131769, Muggon Stn, WA; R163106, 19.5 km SSW Mt 
Amy, WA. 

Remarks 

Liver sample of holotype and all six paratypes and 
heart of four paratypes (R113599, R113633, R117038, 
R117040) stored frozen (-75°C) at WAM. 
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Gehyra purpurascens Storr, 1982 

Storr, G.M. (1982) Two new Gehyra (Lacertilia: 
Gekkonidae) from Australia. Records of the Western 
Australian Museum 10(1): 53-59 [53]. 

Holotype 

R72660, ‘3.5 km NE of Comet Vale, WA (29°55'S, 
121°08'E)’, A.V. Milewski, 6 October 1980. 

Paratypes (107) 

R13103a (now R13103), 138 km NE Laverton, WA; 
R15702, Mt Eveline, WA; R16480-81, R21015, R21018, 
R21020, R22029-31, Warburton Range, WA; R20753, 
Pass of the Abencerrages, Rawlinson Range, WA; 
R20771, Docker River, NT; R20927, 35 km W Victory 
Downs, NT; R20992-98, Winburn Rocks, WA; R21039, 
12 km SE Mt Beadell, Gibson Desert, WA; R21195-97, 
White Cliffs, WA; R21381, Tennant Creek, NT; R21394- 
95, 10 km E Tennant Creek, NT; R24185, Elliott, NT; 
R24293-94, 23 km N Wauchope, NT; R24375-77, 26 
km NE Teatree, NT; R24466, 8 km SW Deep Well RS, 
NT; R26883-84, 56 km NE Carnegie, WA; R26961, 
8 km NW Gary Junction, WA; R28867, 207 km ENE 
Carnegie, WA; R29382, Swindell Field, WA; R31702, 
Mt Davies Camp, SA; R31909, R41578, 70 km N Neale 
Junction, WA; R34635-36, 10 km N Wauchope, NT; 
R36606, 10 km E Vokes Hill, SA; R37498, 64 km Skipper 
Knob, WA; R40152, 65 km E Jupiter Well, WA; R40157, 
Well 35, Canning Stock Route, WA; R40175, R45173-74, 
R45176, R57068, Pollock Hills, WA; R40598, 65 km NE 
Carnegie, WA; R41579, 96 km N Neale Junction, WA; 
R45115, 72 km W Terry Range, WA; R45210-13, 36 km 
E Jupiter Well, WA; R45221-22, 7 km E Terry Range, 
WA; R45225-26, 60 km N Windy Corner, WA; R46049, 

26 km NE Mclarty Hills, WA; R46087-88, 21 km NNE 
Mclarty Hills, WA; R47679, 92 km S Balgo Mission, 
WA; R48342, R48359, 48 km N Beacon, WA; R48777, 35 
km N Neale Junction, WA; R51935, Durba Spring, WA; 
R51950, Well 11, Canning Stock Route, WA; R53336-39, 

27 km NE White Cliffs, WA; R53536-39, 27 km E Point 
Sunday, WA; R57253, 15 km W Dakota Hills, WA; 
R58728, Queen Victoria Spring, WA; R63209, 33 km NE 
Bulgamulgardy Soak, WA; R63767, 14 km SE Miles Hill, 
WA; R63844, 37 km SE Gargoonyah Waterhole, WA; 
R63905-06, R63916-17, Well 24, Canning Stock Route, 
WA; R65799, 3.5 km NE Comet Vale, WA; R66039, 9 km 
SSE Banjawarn, WA; R69245-47, R69249-53, R69313- 
14, R74756, R74792, 13 km SE Banjawarn, WA; R72595, 
50 km E Comet Vale, WA; R73912, 23 km ENE Cosmo 
Newbery, WA; R74019, Renner Springs, NT. 

Remarks 

In the original description, under ‘Paratypes’ Storr 
stated 118 specimens held in WAM from WA, SA 
and NT, listed under ‘Material’; however, only 107 
specimens are listed there. One specimen listed as a 
paratype by Storr, R13103a, is now registered as R10103. 
The original registration catalogue entry for R10103, 
accessioned 15 June 1959, was for a specimen listed 
as Amphibolurus reticulatus major from Peterman 
Ranges, WA, with reticulatus major crossed out and 
inermis written above it. In the remarks column of the 


registration entry, there is an undated annotation stating 
‘2 specimens’ followed by ‘R13103 = G. purpurascens 
(10103a of Storr 1982 2 new Gehyra.. f and ‘ R94786 
= G. variegata ’ below it in braces. No Ctenophorus 
specimens bearing the registration number R10103 
could be located within the collection and the specimen 
associated with the original entry is presumed lost, with 
the registration number having subsequently been reused 
for the Gehyra purpurascens specimen. 


Gehyra spheniscus 
Doughty, Palmer, Sistrom, Bauer 
& Donnellan, 2012 

Doughty, P., Palmer, R., Sistrom, M.J., Bauer, A.M. and 
Donnellan, S.C. (2012) Two new species of Gehyra 
(Squamata: Gekkonidae) geckos from the north-west 
Kimberley region of Western Australia. Records of the 
Western Australian Museum 27: 117-134 [126]. 

Holotype 

R171591, ‘Lower Monjon Rocks, Prince Regent 
River Nature Reserve [National Park], WA (15.9775°S, 
125.3678°E)’ [15°58’39"S, 125°22’04 ,, E], C.A. Stevenson 
and R. Somaweera, 25 January 2010. 

Paratypes (6) 

R167810, Surveyors Pool, Mitchell Plateau, WA; 
R168715, Katers Is, WA; R171402, R171434, R171460, 
Prince Regent River NR [NP], WA; R171570, Old 
Beverley Spring Rd, 25 km S Prince Regent River NR 
[NP], WA. 


Gehyra unguiculata 
Kealley, Doughty, Pepper, Keogh, 

Hillyer & Huey, 2018 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, 
M. and Huey, J. (2018) Conspicuously concealed: 
revision of the arid clade of the Gehyra variegata 
(Gekkonidae) species group in Western Australia 
using an integrative molecular and morphological 
approach, with the description of five cryptic species. 
PeerJ 6: e5334 [26/33]. 

Holotype 

R161461, ‘47.5 km east-south-east of Goldsworthy, 
site PHYC03 of the Pilbara Biodiversity Survey, WA 
(20°25'41"S, 119°58T0"E)’, A.H. Burbidge and C. 
Stephenson, 1 October 2005. 

Paratypes (5) 

R108368, Sunrise Hill, WA; R108420, Nimingarra, 
WA; R156584, Cundaline Gap, WA; R161459-60, 47.5 
km ESE Goldsworthy, WA. 

Remarks 

Liver of holotype and three paratypes (R156584, 
R161459-60) stored frozen (-75°C) at WAM. 
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Gehyra xenopus Storr, 1978 

Storr, G.M. (1978a) Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 6(3): 337-352 [349]. 

Holotype 

R56429, ‘near the Port Warrender road crossing of 
the King Edward River, WA (14°52’S, 126 0 12'E)’, R.E. 
Johnstone, 6 November 1976. 

Paratypes (58) 

R27753 [in error, R27553*], R27754 [in error, 
R27554*], R27755 [in error, R27555* (now MCZ 
R158549)], Kalumburu, WA; R41283-84, Augustus 
Is, WA; R41392-96, Darcy Is, WA; R41432-33, 
Champagny Is, WA; R41463, Wollaston Is, WA; 
R41468-70, Katers Is, WA; R41488, Borda Is, WA; 
R43042-43, R43069-70, R56163-66, R56180-81, 
Crystal Creek, WA; R43177, R56356, R56417, 2 
km E Mitchell River Falls, WA; R44077, Bat Is, off 
Cape Brewster, WA; R44086-87, Boongaree Is, WA; 
R44107-09, R44111, R44126, South-west Osborne Is, 
WA; R44136, Uwins Is, WA; R44143, St Andrew Is, 
WA; R44152-53, Byam Martin Is, WA; R46775-77, 
R46779-80, R46796-98, R46818-19, R46822, R46830, 
R46986-87, Prince Regent River NR [NP], WA; 
R56428, R56430, King Edward River, WA. 


Heteronota spelea Kluge, 1963 

Kluge, A.G. (1963b) A review of the gekkonid lizard 
genus Heteronota Gray, with a description of a new 
species from Western Australia. Journal of the Royal 
Society of Western Australia 46: 63-67 [64]. 

Holotype 

R12638, ‘Prophecy West mine at Bamboo Creek, 
Marble Bar District, WA’ [20°52'S, 120°10’E], A. 
Douglas and W.D.L. Ride, 12-13 October 1957. 

Paratypes (2) 

R12639-40, Bamboo Creek, WA. 

Current nomenclature 
Heteronotia spelea, see Wermuth (1965). 


Heteronotia atra 
Pepper, Doughty, Fujita, Moritz 
& Keogh, 2013 

Pepper, M., Doughty, P., Fujita, M.K., Moritz, C. and 
Keogh, J.S. (2013) Speciation on the rocks: Integrated 
systematics of the Heteronotia spelea species complex 
(Gekkota; Reptilia) from Western and central 
Australia. PLoS ONE 8(11): e78110. 

Holotype 

R110076, ‘5 km south of Lake Poongkaliyarra, WA 
(-21.03590°S, 117.10658°E)’ [21°02’09"S, 117°06'23 ,, E], 
J.K. Rolfe, L.A. Smith and B. Durrant, 10 October 2004. 


Paratypes (5) 

R110056, R110075, R162439, R165222, 5 km S Lake 
Poongkaliyarra, WA; R163243, 12.8 km SW Roebourne, 
WA. 

Remarks 

Liver sample of holotype and all paratypes stored 
frozen (-75°C) at WAM. 


Heteronotia planiceps 
Storr, 1989 

Storr, G.M. (1989) A new Heteronotia (Lacertilia: 
Gekkonidae) from Western Australia. Records of the 
Western Australian Museum 14(3): 269-273 [269]. 

Holotype 

R96971, ‘15 km SW Kings Cascade, WA (15°43’S, 
125°12'E)’, R.E. Johnstone, 18 June 1987. 

Paratypes (40) 

R26767, Windjana Gorge, WA; R26768, 38 km SE 
Halls Creek, WA; R37012, 10 km NW Barker Gorge, 
WA; R46863, R46892-93, R97962, Prince Regent River 
NR [NP], WA; R47282, 9 km W Beverley Springs, WA; 
R50777, Drysdale River NP, WA; R53333, R64869, 3 
km SE Windjana Gorge, WA; R56355, 2 km E Mitchell 
River Falls, WA; R56437, confluence Barker River 
and Wombarella Creek, WA; R57117, Inglis Gap, WA; 
R58650, 10 km SE Lansdowne, WA; R70150, 28 km S 
Kununurra, WA; R70450, 11 km WSW Lissadell, WA; 
R70495, 43 km NW Fitzroy Crossing, WA; R70586, 11 
km SSE Mt Percy, WA; R70662, 9 km SSE Mt Amy, 
WA; R75542, 16 km NE Bow River HS, WA; R77446, 
Camp Creek, Mitchell Plateau, WA; R80062, R80540, 
Hidden Is, WA; R80075-77, Gibbings Is, WA; R80087, 
R80095, Bathurst Is, WA; R80545, Irvine Is, WA; R81297, 
Koolan Is, WA; R87351-52, 27 km NW Bohemia Downs, 
WA; R87954, R87980-81, Caffarelli Is, WA; R95390, 
Thompson Spring, WA; R96973, 15 km SW Kings 
Cascade, WA; R97258, Wheelarra Hill, WA; R98039, 6 
km W Evelyn Is, WA. 

Remarks 

Paratype R97258 is a specimen of Heteronotia spelea 
Kluge, 1963 from the Pilbara region, confirmed as H. 
spelea based on molecular data by Pepper et al. 2013). 
Liver sample of holotype and one paratype (R97258) 
stored frozen (-75°C) at WAM. 


Peropus variegatus punctatus 
Fry, 1914 

Fry, D.B. (1914) On a collection of reptiles and 
batrachians from Western Australia. Records of 
the Western Australian Museum and Art Gallery 1: 
174-210 [178]. 


CATALOGUE OF TYPE SPECIMENS OF GECKOS AND PYGOPODS 


79 



FIGURE 2 Peropus variegatus punctatus Fry, 1914 
lectotype (R176100, formerly 9879). Scale 
bar = 10 mm. 



FIGURE 3 Tags and labels associated with the lectotype 
of Peropus variegatus punctatus Fry, 1914 
(R176100, formerly 9879). Scale bar = 10 mm. 


Lectotype 

R176100 (formerly 9879), ‘Strelley River, Pilbara’ 
WA [20°33'S, 119°00'E], J.B. Cleland, collection date 
unknown, presumably 1907, first accessioned into WAM 
collection as 9879 on 27 March 1909 (Figures 2-3), see 
Doughty et al. (2018a) for lectotype designation. 

Current status and nomenclature 

Gehyra punctata, see Bustard (1965a) for generic 
placement and Bustard (1965b) specific status. 

Remarks 

For the description of Peropus variegatus punctatus. 
Dene Barrett Fry used material made available to him 
at the AMS for identification by the then Director of 
WAM, Bernard Henry Woodward, as no staff at the 
time had herpetological interests. In addition to Peropus 
variegatus punctatus, Fry described several other 
reptile species based on specimens made available to 
him from the WAM collection for which locality details 
were lacking or provided only in broad terms (see also, 
Diplodactylus woodwardi and Ophioseps repens in this 
paper). In the description for P. variegatus punctatus. 
Fry did not list a type specimen, or any other specimens 
examined; however, referred to ‘a single female example 
of this widely distributed species from Strelley River, 
Pilbara’ and an illustration of the variety ‘figured by 
Messrs Fucas and Frost’ from Fucas and Frost (1896, 
p. 124, pi. IX, fig. 3) (Figure 4A-B). In accordance 
with Article 73.2 of the Code (ICZN 1999), both the 
single female specimen from Strelley River and the 
specimen illustrated by Fucas and Frost (1896) are 
considered syntypes. 

Since Fry’s description of P. variegatus punctatus 
there has been no reference to the syntype series, 
only a single specimen referred to as the holotype. In 
the WAM 1960-61 Annual Report compiled by Glen 
Storr (Anonymous 1961), P. variegatus punctatus 
was listed with ‘No. 9879’ (pre R-prefix registration 
number) identified as the holotype with no mention of 
the Fucas and Frost figure. Although the holotype of D. 
woodwardi was listed with an ‘R’ registration number 
(R14370, formerly 9876, reregistered with R prefix 
in 1962), the specimen identified as the P. variegatus 
punctatus holotype was only listed as ‘9879’, despite 
other specimens in the series 9871-77 being reregistered 
on 12 July 1962 according to notations by Storr in 
the original specimen catalogue. Although it was 
assumed there was only a single specimen, the ‘single 
female example... from Strelley River’, the fixation of 
a lectotype by inference of a holotype, in accordance 
with Article 74.6 of the Code (ICZN 1999), by Storr 
does not apply as Fry clearly refers to the illustration 
in Fucas and Frost (1896, p. 124, pi. IX, fig. 3) (Figure 
4A). As Storr’s (Anonymous 1961) treatment of 9879 as 
the holotype did not expressly clarify the specimen was 
selected from a series, in accordance with Article 74.5 of 
the Code (ICZN 1999), the use of the term holotype did 
not constitute a valid lectotype designation. 
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FIGURE 4 A) Plate IX of Lucas and Frost (1896, p. 124); B) Showing Peropus variegatus punctatus Fry, 1914 paralectotype 
(Fig. 3) in detail. 


Mitchell (1965) indicated that searches for type 
material in the AMS and WAM collections in the 
early 1960s failed to locate any type material of the 
species. Following Mitchell (1965), Cogger et al. (1983) 
subsequently listed the holotype as presumed lost. 
Although Fry (1914) referred to AMS specimens for 
other species in the paper, including some designated as 
type material of some new species (e.g. Egernia formosa 
and Lygosoma ( Rhodona ) picturatum ), neither Cogger 
(1979) nor Shea and Sadlier (1999) could locate any 
evidence of P. variegatus punctatus type material in the 
AMS collection. 

A single specimen maintained in the WAM type 
collection with a vellum tag tied to it with what 
appears to be the number ‘915’, which is crossed out 
with ‘515’ written below it, and ‘9879’ in addition 
to some indecipherable text below (Figure 3). This 
specimen also has a dymo-printed label attached by a 
plastic tag fastener through the specimen’s neck (now 
dislodged) with the number ‘R284’ (Figure 3); however, 
examination of old hardcopy registration catalogues 
indicates the registration R284 is associated with a 
specimen of Gehyra variegata, collected by W.B. 
Alexander from 100 km east of Kalgoorlie, WA, far 
from the occurrence of any G. punctata- like species. 
The specimen also has two loose labels accompanying 


it, a faded handwritten label and a more recent WAM 
specimen label (Figure 3). The faded handwritten 
label, presumably in Fry’s hand, states ‘ Peropus 
variegatus var. punctatus, FRY’ across two rows 
followed by ‘TYPE’ in the bottom left corner (Figure 
3). The more recent label is a WAM specimen label 
with ‘HOLOTYPE (fide Storr) P. variegatus punctatus ’ 
written on the back in Storr’s hand (Figure 3). Despite 
the poor condition of the specimen, it has been identified 
as what is widely accepted as G. punctata based on 
elongate chin shields with shallow mental, seven 
subdigital lamellae on the fourth toe and visible dorsal 
pattern consistent with the commonly observed large¬ 
bodied form of G. punctata in the Pilbara region. 

Early registration tags, including those used during the 
period when the number R284 would have been used, 
were lead tags with registration numbers hand punched 
into them, indicating the dymo tag was more recently 
attached to the specimens, for unknown reasons. As 
the vellum tag predates the dymo-printed label and its 
attachment method, it appears the dymo tag R284 was 
erroneously attached to the specimen. No specimens 
of G. variegata with the registration number R284 or 
other numbers with matching collection data have been 
located and the specimen of G. variegata associated 
with the registration number R284 is presumed lost. 
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Despite this erroneous registration tag attached to the 
specimen, there is no evidence the specimen bearing the 
old catalogue number ‘9879’ was ever reregistered into 
the new catalogue and given a registration number with 
an R prefix. To ensure this specimen is incorporated into 
the current registration system and to pervert further 
use of the erroneous registration number, it has been 
reregistered as R176100. 

The other syntype, illustrated in Lucas and Frost 
(1896, p. 124, pi. IX, fig. 3) (Figure 4A-B) is likely based 
on a specimen collected during the Horn Expedition and 
was possibly subsequently deposited in the NMV along 
with other specimens collected during the expedition. 
The NMV collection currently contains 19 Gehyra 
specimens collected during the Horn Expedition, with 
‘Professor W.B.[Walter Baldwin] Spencer’ listed as the 
collector (NMV D242-45, D248-49, D252-54, D256, 
D259, D261-68), of which 16 are currently registered 
as G. variegata (D242-45, D248-49, D252-54, D256, 
D259, D262-65, D, D267) and three as G. punctata 
(D261, D266, D268). Based on observable patterning of 
these three faded specimens, the illustration in Lucas 
and Frost (1896) appears to be most similar to NMV 
D268; however, this cannot be confirmed with certainty 
as the specific configuration of pale and dark spots 
and blotches between the specimen and illustration 
differ considerably. This may be the result of the 
artist rendering a somewhat idealised version of the 
specimen, or it could represent another specimen, never 
accessioned and now missing. It is also possible that the 
illustration is a composite of multiple specimens and is 
not associated with a single specimen. If this were the 
case the WAM lectotype would actually be a holotype. 

Despite Fry only referring to the single female 
specimen from Strelley River and the illustration 
in Lucas and Frost, it is apparent a series of Gehyra 
specimens were made available to him which provided 
comparative material for the description of P. variegatus 
punctatus. This included additional material also from 
Strelley River, most of which appear to have been 
considered to be the then wide-ranging G. variegata 
by Fry. Among the specimens provided to Fry from 
the WAM were two Gehyra variegata which were 
subsequently gifted to the AMS (numbered 524-55) 
and registered as AMS R4925-26. No correspondence 
detailing which specimens from the WAM collection 
were provided to Fry could be located; however, 
examination of early registration catalogues revealed a 
series of specimens which includes some known to have 
been loaned to Fry for identification, 9871-77 originally 
registered only as ‘Newt’ and 9878-81 registered as 
‘Lizard’, which includes the types for G. variegatus 
punctatus and D. woodwardi. Additional notations in 
Glauert’s hand state ‘ Gehyra variegata punctata (Fry)’ 
next to 9871 and ‘Note one of these is the type of frys 
Peropus variegatus punctatus Fry’ below it. The only 
additional text by Glauert is Diplodactylus woodwardi. 
Fry TYPE’ next to 9876. Notations in Storr’s hand state 
‘reregistered as R 1437T in the row belonging to 9871 


followed by R14372, R14373 and R14374 in the rows 
below corresponding with 9871 to 9874, respectively. In 
the row for 9875, Storr stated ‘missing 12/7/69’ with his 
signature below. The only other notation by Storr is in the 
row for 9876 where he states, ‘reregistered as R 14370’ 
and ‘mounted’ which corresponds with the type specimen 
of Diplodactylus woodwardi. No further notations are 
made in the remaining registrations 9878 to 9880 other 
than the original entry which only states ‘Lizard’ and 
‘Strelley River’ as the collection locality for each of the 
entries. The entry associated with 9881 has a notation of 
‘Amphibolurus maculatus\ 

In the later herpetology registration catalogue, 
R14371-74 were originally entered as ‘ Gehyra punctata’ 
on 12 July 1962, however, punctata has subsequently been 
crossed out and replaced with ‘ pilbara ’ in an unknown 
hand. The ‘ pilbara ’ annotation occurred subsequent to the 
description of G. pilbara in 1965, though it is not known 
when. Notations in Storr’s hand corresponding to these 
four registration numbers list their former registration 
numbers (9871-74) and the comment ‘re-registered 
on 12/7/1962’ in addition to ‘labelled in Glauert’s 
hand as ‘Cotypes”. There is no further collection 
information provided; however, J.B. Cleland is identified 
as the collector of R14370 (formerly 9876), a specimen 
of Lucasium stenodactylum {Diplodactylus woodwardi 
holotype) identified by Storr. Notations in an early 
registration catalogue indicate the series of specimens 
(9871-74) were reregistered with an R prefix (R14371-74) 
as Gehyra punctata on 12 July 1962 by G.M. Storr; 
however, they were later identified as Gehyra pilbara. 
These four specimens all have faded vellum tags tied 
around their necks with faded handwriting in an unknown 
hand matching that of the holotype specimen (9879), 
presumably attached by Fry or Woodward to identify the 
specimens that were sent to Fry for identification. The 
tag attached to R14371 states ‘521’ and ‘(9872)’ below, 
R14372 states ‘520’ and ‘(9871)’, R14373 states ‘522’ and 
‘(9873)’ and R14374 states ‘523’ and ‘(9874)’; the three 
digit numbers were presumably assigned by Fry in the 
course of his working with the material. Reference to 
specimens in the AMS from the same collection verifies 
that these numbers are not field numbers as specimens 
from the same locality do not always have sequential 
numbers (Glenn Shea, personal communication, 2018). 
The latter four digit numbers correspond with former 
WAM registration numbers (9871-74). The four ‘cotypes’ 
identified by Glauert are not considered to be paratypes as 
Fry makes no mention of additional specimens other than 
the two considered syntypes above; however, it is likely 
these specimens were part of the series of specimens 
sent to Fry for identification and formed all or part of the 
comparative material for the description of P. variegatus 
punctatus. 

Although P. variegatus punctatus was considered 
a wider ranging species at the time of description, the 
species range is now known to be confined to Western 
Australia and the two syntypes represent different 
species. Despite the poor condition of the specimen, the 
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WAM lectotype designated by Doughty et al. (2018a) 
is representative of what is commonly referred to as G. 
punctata. The syntype illustration from Lucas and Frost 
(1896), relegated to paralectotype status by inference 
of lectotype designation, most closely resembles what 
has since been described as Gehyra moritzi Hutchinson, 
Sistrom, Donnellan and Hutchinson, 2014. 

As for the Diplodactylus woodwardi holotype also 
collected by John Burton Cleland, no collection date 
for the lectotype of G. variegatus punctatus is listed in 
the WAM register or species description; however, he 
was reported to have been sent to Port Hedland in the 
Pilbara region from August to October 1907 in his role as 
a Pathologist with the Health Department to investigate 
trypanosome disease in imported camels (Anonymous 
1907a, 1907b, 1908). Cleland also recorded and published 
notes on birds observed around Strelley River (Port 
Hedland-Marble Bar Road) during August-October 
1907 where he also collected a Painted Firetail (Emblema 
picta) nest that was subsequently deposited at the WAM 
(Cleland 1909). As for the holotype of D. woodwardi, it is 
likely the G. variegatus punctatus lectotype was collected 
sometime during his time in the Pilbara in 1907. 


Phyllodactylus marmoratus alexanderi 
Storr, 1987 

Storr, G.M. (1987a) The genus Phyllodactylus 
(Lacertilia: Gekkonidae) in Western Australia. 
Records of the Western Australian Museum 13(2): 
256-284 [281]. 

Holotype 

R281, ‘Eucla, WA (31°43'S, 128°53'E)\ W.B. 
Alexander, in 1914. 

Paratypes (204) 

R24603-06, R31875, R54270, R66480, R66482-87, 
R66612, R66627-28, R66630-31, Eucla, WA; R24650- 
51, Madura, WA; R24670-71, 42 km WSW Caiguna, 
WA; R25405-09, R25410-15, Koomooloobooka 
Cave, SA; R25472, Madura Cave, WA; R28707, 
Lynch Cave, WA; R29424-26, R29427*, R29428-29, 
33 km N Madura, WA; R29443-54, R34494-500, 
8 km S Loongana, WA; R29468-69, Madura Pass, 
WA; R3111 1—12, R54256, R54269, R67211*, R67212*, 
Israelite Bay, WA; R31872, 12 km SE Cook, SA; 
R31895, 42 W Caiguna, WA; R31897-99, 70 km 
ENE Balladonia HS, WA; R34449-50, 25 km ESE 
Cocklebiddy, WA; R36163, 52 km N Nullarbor 
HS, SA; R36168, 40 km N Madura, WA; R36472, 
12 km NW Mundrabilla HS, WA; R37047, Wilson 
Bluff, WA; R37664, Nurina, WA; R37665 [in error, 
R37675*], 65 km SSE Reid, WA; R37672-73, 23 km S 
Reid, WA; R44979, Twilight Cove, WA; R45344-46, 
R45645, R66801-33, Toolinna Rockhole, WA; R45354, 
Mullendunya Tank, WA; R51807, Baxter Memorial, 
35 km S Caiguna, WA; R53356-61, Balladonia HS, 
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WA; R54266, 91 km W Mundrabilla, WA; R54314, 
14 km W Caiguna, WA; R54315, Cocklebiddy, WA; 
R54329, 11 km E Cocklebiddy, WA; R66687-714, 
R66780-81, 3 km SW Toolinna Rockhole, WA; 
R66777, 11 km SW Toolinna Rockhole, WA; R66783, 
14 km SSE Cocklebiddy, WA; R66862-71, 4 km S 
Eucla, WA; R66968-69, 10 km SSE Cocklebiddy, WA; 
R66987, 7 km NE Toolinna Rockhole, WA; R67240, 
Cocklebiddy, WA; R67314, Eyre, WA; R83963-64, 
Toolina Rockhole, WA; R91314-15, R91340, R91342, 
R91344, 15 km NNW Middini Beach, WA; R91316, 
10 km NNW Middini Beach, WA; R91317, 10 km 
SSW Graham Tank, WA; R91318, R91339, R91341, 
R91343, R91348, 11 km E Kilidwerinia Granite Rock, 
WA; R91345, 6 km ENE Moondadong Rockhole, 
WA; R91346, 8 km SW Yuwanyadi Rockhole, WA; 
R91347, 19 km S Yuwanyadi Rockhole, WA; R91956- 
57, 4 km SW Graham Tank, WA; R93736, 6 km E 
Toolinna Rockhole, WA; R93737, R93739-40, 7 km N 
Toolinna Rockhole, WA; R93738, 27 km N Toolinna 
Rockhole, WA. 

Current status and nomenclature 

Christinus alexanderi, see Wells and Wellington 
(1984) for generic placement and Donnellan et al. (2000) 
for species status. 

Remarks 

An additional 33 paratypes are held in the SAMA 
collection (R4983 A-B, R5831, R15789, R15980, 
R15981 A-B, R23042-48, R25620, R25632, R25635- 
36, R25657, R25665, R25669-70, R26264, R26402, 
R29218-24, R117513 A-B). Storr stated there were 
240 paratypes, all listed under ‘Material’; however, 
only 237 specimens are listed there. Paratype R66612 
was listed by Storr twice. Additional specimens were 
available to Storr at the time of description; however, 
there is no evidence which, if any, of the specimens 
were examined. One paratype registration number 
presented by Storr is in error; R37665 is associated 
with a specimen of Heteronotia binoei from 65 km 
SSE Reid, WA. The correct registration is R37675 
which has subsequently been identified as a specimen 
of Christinus marmoratus. Of the 204 paratypes listed 
by Storr, 69 have since been identified as specimens 
of Christinus marmoratus : R29443-54, R29468, 
R31111—12, R34449-50, R37665, R44979, R45344-46, 
R45645, R54256, R54266, R54269, R54314, R66480, 
R66482-87, R66612, R66628, R66687-88, R66701, 
R66703, R66706, R67211-12, R66777, R66783, R66801, 
R66987, R67211-12, R67314, R91314-18, R91339-40, 
R91342-45, R91348, R91956-57, R93736-40. 

Four paratypes (R29427, R37675, R67211-12) could 
not be located and are considered lost. R29427 was not 
recorded in a 2008 audit or subsequent searches, R37675 
was last recorded in a 2008 audit but its presence has not 
been confirmed since and the presence of R67211-22 has 
not been confirmed since a 2000 audit and have not been 
located since. 
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Family Pygopodidae 

Aclys concinna Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [46]. 

Holotype 

R17312, ‘Sorrento (a suburb of Perth), 11 mi [17.7 
km] NW Perth, WA’ [31°49’S, 115°45'E], A.E. Boyd, 6 
December 1962. 

Paratype 

R41156, 13 km N Jurien Bay, WA. 

Current nomenclature 

Delma concinna concinna, see Kluge (1976) and 
Jennings et al. (2003) for synonymy of Aclys and Storr 
(1987) for subspecific status. 

Aclys concinna major Storr, 1987 

Storr, G.M. (1987b) Three new legless lizards 
(Pygopodidae) from Western Australia. Records of the 
Western Australian Museum 13: 345-355 [354]. 

Holotype 

R66192, ‘2 km N Tamala, WA (26°40’S, 113 0 43'E)’, 
T.M.S. Hanlon and G. Harold, 29 August 1979. 

Paratypes (2) 

R96898, R97010, 7 km NE Tamala, WA. 

Current nomenclature 

Delma concinna major, see Jennings et al. (2003). 
Remarks 

Liver sample of one paratype (R96898) stored frozen 
(-75°C) at WAM. 


Aprasia clairae 
Maryan, How & Adams, 2013 

Maryan, B., How, R.A. and Adams, M. (2013b) A 
new species of the Aprasia repens species-group 
(Squamata: Pygopodidae) from Western Australia. 
Records of the Western Australian Museum 28: 30-43 
[37]. 

Holotype 

R156901, ‘Turtle Bay, East Wallabi Island, Houtman 
Abrolhos Islands, WA (28°25’55 ,, S, 113°44'08"E)’, B. 
Maryan and R.A. How, 8 November 2005. 

Paratypes (2) 

R127527, 20 km SSE Dongara, WA; R156892, Turtle 
Bay, East Wallabi Is, Houtman Abrolhos, WA. 


Remarks 

Liver sample of holotype and one paratype (R156892) 
stored at EBU and liver sample of one paratype 
(R127527) stored at WAM. 


Aprasia haroldi Storr, 1978 

Storr, G.M. (1978b) Taxonomic notes on the reptiles of 
the Shark Bay region, Western Australia. Records of 
the Western Australian Museum 6: 303-318 [307]. 

Holotype 

R54766. ‘Parrot Isle, 5 km N of Carrarang [HS], WA 
(26°20'S, 113°30’E)’, G. Harold and M. Peterson, 27 
August 1976. 

Paratypes (7) 

R54765, Parrot Isle, Carrarang Stn, WA; R54847, 
R54891-95, False Entrance Well, Carrarang Stn, WA. 

Aprasia inaurita Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [51]. 

Paratype 

R5280. Eyre, WA. 

Remarks 

Holotype in the NMV collection, registration number 
Dll 181, collected from ‘Birthday Tank, Sunset Country 
(N Cowangie), Victoria’ by A.J. Coventry, 2 November 
1965. An additional 22 paratypes are held in other 
collections: 13 at SAMA (SAMA R379, R1673, R2752, 
R2808, R3089a, R3885, R4302, R8410, R8994, R9210, 
R9215, R11655, R12617), seven at NMV (NMV D594, 
D4686, D4751, D7171, D11181, D11985, D18001), one 
at AMS (AMS R14382) and one at UMMZ (UMMZ 
131672). 


Aprasia litorea 
Maryan, Bush & Adams, 2013 

Maryan, B., Bush, B. and Adams, M. (2013a) 
Morphological and molecular assessment of Aprasia 
fusca and A. rostrata (Squamata: Pygopodidae), with 
a description of a new species from Lake MacLeod 
region, Western Australia. Records of the Western 
Australian Museum 28: 144-163 [155]. 

Holotype 

R141605, ‘1 km S of Gnaraloo Homestead, WA 
(23°49'29"S, 113°3r32"E)’, B. Maryan and B. Bush, 20 
June 2000. 
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Paratypes (7) 

R116614, 9 km NE Cape Cuvier, WA; R116656, 0.5 
km S Gnaraloo HS, WA; R116660, 7km SSW Gnaraloo 
HS, WA; R141606, Cape Cuvier, WA; R151305-07, 18 
km SSE Quobba HS, WA. 

Remarks 

Liver sample of holotype and five paratypes (R116656, 
R116660, R141606, R151305-06) stored frozen (-75°C) 
at WAM. 


Aprasia parapulchella Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [53]. 

Holotype 

R41231, ‘Coppins Crossing, Molonglo R, ACT’ 
[35°20'S, 149°05'E], R. Barwick, R. Jennings and A. 
Kluge, 20 December 1971. 

Remarks 

An additional 21 paratypes held in other collections: 
12 atUMMZ (UMMZ 131157, 131193-94, 131196-204), 
four at AMS (AMS R31632-35), two at NMV (NMV 
D15389, D18045), one at QM (QM J22308) and one 
at FMNH (FMNH 195547). The holotype retains 
University of Michigan field tags stating, ‘Field Series 
AGK’ and the field number ‘1317’. A label with the 
holotype lists the collectors and states the location 
as ‘5.25 miles WNW of Canberra A.C.T. (Coppins 
Crossing)’. 


Aprasia picturata Smith & Henry, 1999 

Smith, L.A. and Henry, J. (1999) Aprasia picturata 
(Squamata: Pygopodidae), a new legless lizard from 
the interior of Western Australia. Journal of the Royal 
Society of Western Australia 82: 75-77 [75]. 

Holotype 

R126998, ‘35 km E of Leonora, WA (28°57T5"S, 
121°47'23"E)’, J. Henry, 3 October 1996. 

Paratype 

R131647, 3.5 km S Minaea HS, WA. 

Remarks 

Liver sample of holotype and heart sample of paratype 
stored frozen (-75°C) at WAM. 


Aprasia repens rostrata 
Parker, 1956 

Parker, H.W. (1956) The lizard genus Aprasia ; Its 
taxonomy and temperature-correlated variation. 
Bulletin of the British Museum (Natural History ) 3: 
365-385 [384]. 
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Holotype 

R13861, ‘Hermite Island, Monte Bello Group 
[Montebello Islands], WA’ [20°29'S, 115 0 3TE], F.L. Hill, 
17 August 1952 (Figure 5). 

Current status 

Aprasia rostrata, see Kluge (1974). 

Remarks 

For the type specimens Parker (1956) only stated 
‘Holotype a male, collected 17.viii.52 on Hermite 
Island and allotype female collected on the same island 
22.V.52’; he did not provide a registration number 
or a collection depository for either specimen. The 
specimen R13861 was identified as the holotype in the 
list of type specimens presented in the WAM 1959— 
1960 Annual Report (Anonymous 1960), a registration 
number subsequently also reported by Kluge (1974) 
and Cogger et al. (1983). Kluge (1974) confirmed 
the identity of the holotype based on diagnostic 
morphology consistent with that presented by Parker 
(1956). The identity of the allotype (= Paratype) 
nominated by Parker was not determined; however, 
Parker (1956) referrs to the Aprasia sp. specimen 
identified by Hill (1955) from the type locality as 
being deposited at the NHMUK. Only one Aprasia 
from Hermite Is is held in the NHMUK collection and 
is maintained as a paratype, NHMUK 1955.1.4.48. A 
typewritten note with three lines of text is retained 
with the holotype specimen (Figure 5). The note 
has minor damage resulting in the loss of some text; 
however, visible text states ‘Aprasia repens rostrata 
Parker 1956,’ on the first line, ‘(Nat. Hist.) Zool. 3: 
384, Specime...’ on the second, followed by ‘number, 
HOLOTYPE.’ on the third line (Figure 5). 


Aprasia rostrata fusca Storr, 1979 

Storr, G.M. (1979b) Five new lizards from Western 
Australia. Records of the Western Australian Museum 
8: 134-142 [136]. 

Holotype 

R61077, ‘3 km NW of Bullara, WA (22°40’S, 
114°02'E)’, T.M.S. Hanlon and D. Knowles, 14 
December 1978. 

Paratypes (3) 

R61454, mouth of Yardie Creek, WA; R61078, R61079, 
3 km NW Bullara, WA. 

Current status 

Junior synonym of Aprasia rostrata, see Maryan et al. 
(2013a). 

Remarks 

The subspecies was raised to full species by Storr et 
al. (1990) without comment and synonymised with A. 
rostrata following morphological and allozyme analysis 
by Maryan et al. (2013a). 
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Aprasia smithi Storr, 1970 

Storr, G.M. (1970) Aprasia smithi a new worm-lizard 
(Pygopodidae) from Western Australia. Western 
Australian Naturalist 11: 141 [141]. 

Holotype 

R34325, ‘Kalbarri, WA (27°43’S, lMHO'E)’, W.J. 
Marsh, 13 July 1969. 

Aprasia striolata glauerti 
Parker, 1956 

Parker, H.W. (1956) The lizard genus Aprasia ; Its 
taxonomy and temperature-correlated variation. 
Bulletin of the British Museum (Natural History ) 3: 
365-385 [378]. 

Holotype 

R10949, Albany, WA’, [35°02’S, 117°53'E], collected 
by F.R. Bradshaw, accessioned November 1953 
[collection date unknown]. 

Paratypes (9) 

R6782 (six specimens, one now R94880 and three now 
NHMUK (NHMUK 1955.1.4.21-23), one unknown), 
R10950-51, R94880 (formerly R6782 part), Albany, WA; 
R7214 Narrikup, WA. 

Current status 

Junior synonym of Aprasia striolata, see Kluge (1974) 
Remarks 

According to Parker (1956), the registration number 
R6782 was associated with six specimens, all from the 
type locality; however, only a single specimen could be 
located bearing this registration number. One specimen 
was subsequently reregistered as R94880 and three were 
gifted to the NHMUK by, then Curator and Director 
of the WAM, Ludwig Glauert in 1955 and registered as 
NHMUK 1955.1.4.21-23. The location of the remaining 
paratype associated with R6782 is unknown and it is 
considered lost; however, it is possible this specimen was 
gifted or exchanged with another museum. 



FIGURE 5 Aprasia repens rostrata Parker, 1956 holotype 
(R13861) and associated loose label retained 
with specimen. Scale bar = 10 mm. 


Examination of early registration catalogues showed 
R6782 was part of a series of six specimens, originally 
registered as Aprasia pulchella, which were registered 
as a group as R6782-87, and not as six specimens 
under R6782 as stated by Parker in the description. It 
appears the six specimens were all tagged with R6782 
on the original hand punched lead tags due to the unclear 
registration entry as no other evidence of specimens 
matching the registration numbers R6783-87 could be 
located. Despite the original lead registration tag having 
been removed from R94480, remarks in the current 
digital herpetology specimen database, presumably from 
when the specimen was reregistered, state ‘old number 
R6782’, indicating the specimens were all erronrously 
tagged with R6782. 

Parker (1956) listed five additional paratypes held 
in other collections; four in AMS (AMS R12305 
(three specimens), AMS R3468) and one at NHMUK 
(NHMUK 1911.12.18.3). One of the AMS registration 
numbers (R12305) is associated with three specimens, 
two of which have subsequently been reregistered as 
R27521 and R27522 (Shea and Sadlier 1999). 


Aprasia wicherina 
Maryan, Adams & Aplin, 2015 

Maryan, B., Adams, M. and Aplin, K.P. (2015a) 
Taxonomic resolution of the Aprasia repens species- 
group (Squamata: Pygopodidae) from the Geraldton 
Sandplains: a description of a new species and 
additional mainland records of A. clairae. Records 
of the Western Australian Museum 30(1): 12-32 [22]. 

Holotype 

R173106, ‘Wicherina Water Reserve, WA (28°43’02"S, 
115°0nrE)’, R. Lloyd and B. Maryan, 1 August 2013. 

Paratypes (3) 

R121129, R121132, R146587, Wicherina Water 
Reserve, WA. 


Cryptodelma nigriceps 
Fischer, 1882 

Fischer, J.G. (1882) Herpetologische Bemerkungen. II. 
Neue Eidechsen aus Australien und Polynesien. Archiv 
fur Naturgeschichte 48: 286-302 + pi. XVI [290]. 

Neotype 

R102063, ‘Yule River, WA (20°40'S, HS^l'E)’, D. 
Robinson, [9 February] 1990. 

Current nomenclature 

Pygopus nigriceps, see Kinghorn (1926). 

Remarks 

Neotype designated by James et al. (2001). The 
original holotype designated by Fischer (1882), SMNS 
2259 from ‘Nicolbay, Westaustralien’ [Nickol Bay, 
WA] by F. von Muller (collection date unknown) was 
believed to have been destroyed during World War II 
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and is considered lost (Schluter and Hallermann 1997). 
Kinghorn (1926) incorrectly lists the type locality of 
Pygopus schraderi, stating ‘Holotype from Milparinka, 
western New South Wales’ (p.46), which at the time 
was considered a junior syonym of P. nigriceps. Heart 
and blood sample of neotype stored frozen (-75°C) 
at WAM. 


Delma australis Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [77]. 

Holotype 

R27359, ‘Port Lincoln, SA’ [34°44'S, 135°52’E], G.M. 
Storr, 19 October 1966. 

Paratype 

R24528, Eyre Peninsula, SA. 

Remarks 

An additional 18 paratypes held in other collections: 
14 at SAMA (SAMA R380, R3852, R4301, R5375, 
R9189, R9213, R9224, R10374, R10376, R12454-55, 
R12481, R12669, R12751) and four at NMV (NMV 
D8857-58, D15440, D15456). 


Delma borea Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [81]. 

Holotype 

R37131, ‘48 miles [78 km] south of Darwin, NT’ 
[12°54’S, 131°08’E], P.J. Fuller, 25 June 1970. 

Paratypes (33) 

R11240, R11449, Wotjulum, WA; R13466, Troughton 
Is, WA; R13496, R34331-32, Yirrkala, NT; R13570, 
R27614-15, Kalumburu, WA; R14072, R34333, Cockatoo 
Is, WA; R19814, King Leopold Ranges, WA; R21980, 
R40296, R40835, Darwin, NT; R23048, 25 km E 
Bohemia Downs, WA; R23480, Nightcliff, NT; R24001, 
11 km N Adelaide River, NT; R24198, Helen Springs, 
NT; R25092, 61 km SSE Wyndham, WA; R25201, 32 km 
E Jiggalong, WA; R26224, Parap, Darwin, NT; R26806, 
Gogo, WA; R27613, Mt Anderson, WA; R28656, Barrow 
Is, WA; R29143, R34343, Koolan Is, WA; R32142-43, 
St George Ranges, WA; R37045, White Mountain Hills, 
WA; R37371, Rosemary Is, WA; R37406, Hermite Is, 
WA; R37703, Hidden Valley, WA. 

Remarks 

Kluge (1974) did not individually designate paratype 
specimens, only stating that paratypes were ‘All 
other specimens listed under borea in the Specimens 
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Examined section (Appendix II) whose place of 
collection is north of 20° S Lat’ which excludes four 
specimens from the list only slightly south of 20° S 
Lat, ranging from 20°22’ to 20°50’ (R25201, 20 mi 
[32 km] E Jiggalong, WA; R28656, Barrow Is, WA; 
R37371, Rosemary Is, WA; R37406, Hermite Is, WA). 
An additional 51 paratypes are held in other collections: 
22 at AMS (AMS R3662a-b [now R3662 and R62673], 
R4162, R8249, R12794, R12841, R12877, R12901, 
R13004, R13471, R13569a-b [now R13569 and R62670], 
R13570a-b [now R13570 and R62671], R13609, R13648 
[x2 specimens, now R13648 and R32672], R13713, 
R13777, R19121, R30014-15; Shea and Sadlier 1999), 
seven at NMV (NMV D5528, D8492-94, D8763, 
D10086, D14205,), five at USNM (USNM 128260, 
128679-82), five at NTM (NTM 9 [now R32300], 1680 
[now R32293], 3080 [now R32295], 4582 [now R32296], 
4950 [now R32298]; Horner 1999), four at MCZ (MCZ 
R48812-15), three at AMNH (AMNH 102388-89, 
86288), three at QM (QM J2261-62, J21775), one at 
SAMA (SAMA R8409) and one at UMMZ (UMMZ 
131239). 

Delma butleri Storr, 1987 

Storr, G.M. (1987b) Three new legless lizards 
(Pygopodidae) from Western Australia. Records of the 
Western Australian Museum 13: 345-355 [346]. 

Holotype 

R76742, ‘5 km SE Gnaraloo, WA (23°52’S, 113 0 32’E)’, 
G. Harold and C. Winton, 22 May 1982. 

Paratypes (95) 

R18531 [in error, R18551], Queen Victoria Spring, 
WA; R21073, 33 km W Carnegie, WA; R28359, 
16 km N Ethel Creek HS, WA; R36649, 43 km NE 
Maralinga, WA; R44362, 56 km NW Mt Lindsay, WA; 
R45850, R57087-88, R57093-94, Dirk Hartog Is, 
WA; R47709, Northampton, WA; R48184-88, R48261, 
R48270, R75559, East Yuna NR, WA; R53255-56, 
Ivor Rocks, WA; R53277, 75 km N Kalgoorlie, WA; 
R53291, 27 km NE White Cliffs, WA; R53459-60, 
Newman Rock, WA; R54556, 25 km SSE Denham, 
WA; R57522, 40 km NE Yuna, WA; R57541, 44 km 
NE Yuna, WA; R57959, R58072, 4 km E Boingaring 
Rocks, WA; R59854-55, 17 km N Charlina Rock, 
WA; R62822, 22 km SE Mt Keith, WA; R64727, 9 
km SW Mt Lockeridge, WA; R64754-55, R78680, 
R78688-89, nr. Mt Manning Range, WA; R64794, 
R64813-14, Blue Hill, WA; R65463, R65484, 30 
km NW Heartbreak Ridge, WA; R65531, R65539, 
R65569-70, R65590, R65654, R72503, R72537, 
R74557, R74591, R74597, nr. Buningonia Spring, WA; 
R67188, 15 km NE Bungalbin Hill, WA; R67974, 35 
km SSE Dandaraga, WA; R69080, R69104, R69108, 
R74658, 8-9 km ENE Yuinmery, WA; R69288, 12 
km SSE Banjawarn, WA; R70876-77, Mt Windarra, 
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WA; R70893, Yowie Rockhole, WA; R71775, 32 km S 
Woolgangie, WA; R72248, R72255-56, R72285-86, 
R72291, nr. Boorabbin, WA; R72669, R72728, 3 km 
NE Comet Vale, WA; R73212, R73228-29, 6 km ENE, 
Yowie Rockhole, WA; R74677, R74679, 24 km ENE 
Yuinmery, WA; R74784, 9 km SSE Banjawarn, WA; 
R76121, 16 km SSW Mt Jackson, WA; R76645, 3 km 
SE Gnaraloo, WA; R78548, 30 km SE Mt Keith, WA; 
R78553, 29 km SE Mt Keith, WA; R85305, 15 km E 
White Cliffs, WA; R85600-01, R85603-04, 39 km 
ENE Laverton, WA; R85605-06, 7 km WNW Point 
Salvation, WA; R86658, 17 km NE Youanmi, WA; 
R91510, 4 km E Zanthus, WA; R94077, 53 km NNE 
Queen Victoria Spring, WA; R94585, Marandoo, WA. 

Remarks 

For paratypes Storr (1987b) stated ‘The 97 specimens 
listed under Material examined’; however, only 95 
specimens are listed there. One registration number 
listed by Storr is believed to be in error, the specimen 
associated with the registration R18531 is a Lerista 
timida from Newman Rock, WA. The only other 
specimen that matches the locality presented by Storr 
and was available to him at the time of description is 
R18551. 


Delma desmosa 
Maryan, Aplin & Adams, 2007 

Maryan, B., Aplin, K.P. and Adams, M. (2007) Two 
new species of the Delma tincta group (Squamata: 
Pygopodidae) from northwestern Australia. Records 
of the Western Australian Museum 23: 273-305 [288]. 

Holotype 

R102657, ‘Site Cooma 4, Little Sandy Desert, 
WA (24°06T7"S, 120°19'30"E)’, S. van Leeuwen, 
10 October 1996. 

Paratypes (31) 

R45809-10, Wallal Downs HS, WA; R63313, 
Djaluwon Creek, WA; R64001, Anketell Ridge, WA; 
R64097, Staffords Bore, WA; R64143, Breaden Pool, 
WA; R64186, 1 km S Wadawalla Well, WA; R75798, 
Dragon Tree Soak, WA; R75830, Anna Plains HS, WA; 
R87007, R114555, Sandfire Roadhouse, WA; R87353, 
3 km SE Wallal Downs HS, WA; R88535-41, 55 km 
S Anna Plains HS, WA; R94757, R94776-77, 80 km 
S Telfer Mine, WA; R102650, [Site] Cooma 5 Little 
Sandy Desert, WA; R108477, 18 km S Lake Hancock, 
WA; R126496, R126498, Gibson Desert NR, WA; 
R132802, Warri Airstrip, WA; R139089, Mandora Stn, 
WA; R140442, Yanneri Lake, WA; R145073, Officer 
Basin area, WA; R151252, Townsend Ridges, WA. 

Remarks 

A total of 46 paratypes were designated by Maryan et 
al. (2007) of which 31 are held in the WAM collection. 
An additional 17 paratypes are held in other collections: 


13 at NTM (NTM R14901, R15038, R15138, R15144, 
R15146, R15151, R15230, R15501, R17987, R20250, 
R26789, R32301, R34489), two at AMS (AMS R100853, 
R101548) and two at SAMA (SAMA R48671, R59561). 
Liver of holotype and four paratypes (R102650, 
R132082, R139089, R145073) stored at EBU. Liver of 
two paratypes (R114555, R151252) stored frozen (-75°C) 
at WAM. 


Delma elegans Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [82]. 

Holotype 

R20070, ‘Mount Herbert, northern foothills of 
Hamersley Range, WA’, [21°19'32"S, 117°12’59"E], 
Western Australia-South Australia Museum Hamersley 
Expedition, 4 August 1958. 

Paratype 

R31051, Mt Tom Price Townsite, WA. 

Remarks 

A second paratype specimen is held in the SAMA 
collection (SAMA R4475, Tambrey, WA). 

Delma fraseri petersoni 
Shea, 1991 

Shea, G.M. (1991) Revisionary notes on the genus 
Delma (Squamata: Pygopodidae) in South Australia 
and the Northern Territory. Records of the South 
Australian Museum 25: 71-90 [80]. 

Paratypes (3) 

R100636, 20 km NNE Queen Victoria Springs, WA; 
R100930, 25 km NNE Queen Victoria Spring, WA; 
R100964, Jumpbuck Rd, Plumridge Lakes, WA. 

Current status 

Delma petersoni, see Jennings et al. (2003). 

Remarks 

Holotype specimen held in the SAMA collection, 
R20804, ‘N end stock route, SA (32°51'S, 135°57'E)’, 
collected by the Nature Conservation Society, 13 
October 1981. Eleven paratypes were designated by Shea 
(1991) of which three are held in the WAM collection, 
the remaining eight paratypes are held in the SAMA 
collection (R3853, R10586, R14985, R20790, R20816, 
R32259, R32463, R33681). Jennings et al. (2003) 
elevated the subspecies to specific status following 
phylogenetic analysis of mitochondrial and nuclear DNA 
which indicated D. fraseri was not monophyletic. 
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Delma haroldi Storr, 1987 

Storr, G.M. (1987b) Three new legless lizards 
(Pygopodidae) from Western Australia. Records of the 
Western Australian Museum 13: 345-355 [350]. 

Holotype 

R85094, ‘11 km NNW Uaroo [HS], WA (22°41’S, 
115 o 20'E)’, G. Harold and C. Winton, 11 August 1983. 

Paratypes (9) 

R45243, 45 km N Windy Corner, WA; R45811, Wallal, 
WA; R46043, 146 km E McLarty Hills, WA; R51722, 
2 km SW Barradale, WA; R63427, Twin Heads, WA; 
R63632, 14 km SW The Governer, WA; R64703, 
Balgo Mission, WA; R64715, Marandoo, WA; R73630, 
Ophthalmia Range, WA. 

Current status 

Junior synonym of Delma butleri, see Shea (1991) and 
remarks below. 

Remarks 

Shea (1991) considered D. haroldi a junior synonym of 
D. butleri. While the species continued to be recognised 
as distinct by most subsequent authors (e.g. Cogger 
2000, 2014; Wilson and Swan 2003, 2017; Maryan et 
al. 2007; Brennan et al. 2016), we accept the evidence 
of molecular data presented by Brennan et al. (2016) 
and additional unpublished data (Ian Brennan, personal 
communication, 2016) to follow the earlier synonymy 
of Shea (1991). One paratype specimen, R46043 is an 
alizarin-alcian stained skeleton specimen stored in a 
glycol solution; all other paratypes are whole specimens 
in 70% ethanol solution. 


Delma hebesa 

Maryan, Brennan, Adams & Aplin, 2015 

Maryan, B., Brennan, I.G., Adams, M. and Aplin, K. 
(2015b) Molecular and morphological assessment of 
Delma australis Kluge (Squamata: Pygopodidae), with 
a description of a new species from the biodiversity 
‘hotspot’ of southwestern Western Australia. Zootaxa 
3946: 301-330 [321]. 

Holotype 

R144237, ‘Bandalup Hill, Ravensthorpe Range, WA 
(33°40'29"S, 120°23'54"E)’, R. Teale and G. Harold, 14 
October 2000. 

Paratypes (6) 

R129674, 38 km W Kundip, WA; R131902, Hellfire 
Bay, Cape Le Grand NP, WA; R132154, Duke of Orleans 
Bay, Wharton Beach, WA; R144238, Bandalup Hill, 
Ravensthorpe Range, WA; R154234, Kundip, WA; 
R156978, Canal Rocks, WA. 

Remarks 

Liver sample of holotype and all paratypes, and heart 
of two paratypes (R129674, R131902) stored frozen 
(-75°C) at WAM. 


Delma nasuta Kluge 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [109]. 

Holotype 

R40178, ‘Pollock Hills, 144 miles [231.7 km] west of 
Sandy Blight Junction, WA’ [22°50’S, 127°35’E], J. Dell 
and G. Chapman, 25 May 1971. 

Paratypes (24) 

R13195a, R175033 (formerly part of R13195), Yardie 
Creek, WA; R14782, R27610, Woodstock Stn, WA; 
R14800*, Marble Bar, WA; R14806-07, Dales Gorge, 
WA; R20110, Millstream, WA; R20111, Asbestos Creek, 
WA; R20112, Mount Ulric Gorge, WA; R21773, 40 
km NE Ningaloo, WA; R22806, Nichol Spring, WA; 
R25230, 18 m [28 km] NW Mount Vernon Stn [HS], 
WA; R25261, 21 km NW Ullawarra, WA; R25590, 3 
km W Christmas Creek, WA; R26547, Mount Newman, 
WA; R27611-12, R28453, R28655, Barrow Is, WA; 
R28359, 16 km N Ethel Creek, WA; R31484, Southern 
Chichester Range, WA; R37018, Noreena Downs, WA; 
R37405, Hermite Is, WA. 

Remarks 

Kluge (1974) did not designate individually list 
paratype specimens, only stating ‘All other species 
listed under nasuta in the Specimens Examined section 
(Appendix II) whose place of collection is between 
20° and 25° S Lat and west of 121° E Long’. Of the 23 
WAM specimens fulfilling these criteria listed by Kluge 
(1974), one has since been identified and designated as a 
paratype for Delma butleri (R28359) by Storr (1987b). 
Since the description of D. nasuta, R14800 has been 
disposed, date and reason of disposal unknown. 

The registration number R13195 is associated with 
two specimens of D. nasuta; however, Kluge (1974) 
only refers to one specimen (R13195a). There are 
two specimens of D. nasuta bearing a dymo-printed 
registration tag with the number R13195; however, 
neither of them is suffixed with letter indicating which 
specimen is R13195a referred to by Kluge. It is suspected 
that Kluge was aware of the two specimens by his use 
of R13195a, and not just R13195; however, it is not clear 
which of the two specimens Kluge was referring to. 
The two dymo-printed registration tags are likely to 
have replaced original tags on the two specimens which 
whould have originally been lead tags with registration 
numbers hand punched that were used at the time of 
original registration. It is not known if the original 
lead tags were suffixed and the suffix was missed 
when replacement tags were attaced or if the addition 
of the suffix was the intention of Kluge to distinguish 
the two specimens and has never been included on the 
registration tags. As it is unclear which specimen was 
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R13195a referred to by Kluge, both specimen bearing 
the registration tag R13195 are maintained as paratypes. 
To resolve the status of these specimens, one of the 
specimens has been reregistered as R175033. As the 
specimens are of similar size and condition and there 
is nothing to distinguish which specimen, if only one, 
Kluge was referring to as R13195a the reregistered 
specimen was selected at random. 

Six additional paratypes are held in other collections: 
three at UMMZ (UMMZ 131206-07, 129999) and single 
specimens at AMNH (AMNH 102385), SAMA (SAMA 
R4513) and NMV (NMV D869). 


Delma pax Kluge, 1974 

Kluge, A.G. (1974) A taxonomic revision of the lizard 
family Pygopodidae. Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 147: 
1-221 [113]. 

Holotype 

R14804, ‘Jones River, 21 miles [33.8 km] southeast 
of Roebourne, WA (20°58’S, 117°23'E)’, G.M. Storr, 21 
May 1961. 

Paratypes (10) 

R13420, R13863, Mardie, WA; R14802-03, 
Mundabullangana, WA; R14805, Woodstock, WA; 
R17066, 9 mi [14.8 km] SE Mundabullangana, WA; 
R20069, Millstream, WA; R22629, Weeli Wolli 
Creek, WA; R22696, Turee Creek, WA; R28930, 
Mt Newman, WA. 

Remarks 

Four additional paratypes are held in other collections: 
three at SAMA (SAMA R3445a, R3452, R4514) and one 
at UMMZ (UMMZ 129889). 


Delma tealei 

Maryan, Aplin & Adams, 2007 

Maryan, B., Aplin, K.P. and Adams, M. (2007) Two 
new species of the Delma tincta group (Squamata: 
Pygopodidae) from northwestern Australia. Records 
of the Western Australian Museum 23: 273-305 [284]. 

Holotype 

R153811, ‘Charles Knife Road, Cape Range, WA 
(22°07'08"S, 114°03'44"E)’, B. Maryan and D. Algaba, 
12 September 2003. 

Paratypes (7) 

R52934-35, R153819, Shothole Canyon, WA; R82532, 
6 km W Exmouth, WA; R88548, 2 km E Yardie Creek 
mouth, WA; R102837, Cape Range NP, WA; R153813, 2 
km S Yardie HS Caravan Park, WA. 


Remarks 

Liver sample of holotype and two paratypes (R153813, 
R153819) stored frozen (-75°C) at WAM and EBU. Liver 
sample of one paratype (R102837) stored at EBU. 

Ophioseps repens Fry, 1914 

Fry, H.G. (1914) On a collection of reptiles and 
batrachians from Western Australia. Records of the 
Western Australian Museum 1: 174-210 [178]. 

Holotype 

R364, ‘Western Australia’, collector unknown, 
accessioned September 1914 (Figure 6). 

Current nomenclature 

Aprasia repens, see Kluge (1974). 

Remarks 

Ophioseps repens was one of three species described 
by Fry based on material loaned to him for identification 
from the WAM collection of which no registration 
numbers and limited collection data were provided 
for type material (see the accounts of Diplodactylus 
woodwardi and Peropus variegatus punctatus (= 
Gehyra punctata ) above). There is only one specimen 
of Aprasia repens within the collection with the broad 
locality of ‘Western Australia’ that would have been 
available to Fry at the time of description. A deteriorated 
handwritten tag attached to R364 states ‘ Ophioseps 
repens Fry’, ‘descry & fig’ and ‘TYPE’ with the locality 
of ‘Western Australia’ and faded initials of D. B. Fry 
(Figure 6). The specimen R364 was identified as the 
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FIGURE 6 Ophioseps repens Fry, 1914 holotype (R364) 
and associated tags. Scale bar = 10 mm. 
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holotype in the WAM 1959-1960 Annual Report 
(Anonymous 1960) and repeated by Kluge (1974) and 
Cogger et al. (1983). 

Kluge (1974, P. 64) stated ‘In the absence of a 
specific type locality for repens (Fry, 1914), I take this 
opportunity to restrict it to the Swan View National 
Park, 35°51’ S Lat, 116°03’ E Long, Western Australia’ 
where the species was known to occur. Kluge’s 
proposed type locality was subsequently repeated by 
Cogger et al. (1983); however, the restriction of type 
locality is not binding under the Code in the absence 
of any documented evidence from Kluge to justify his 
proposed change. 


Pletholax gracilis edeiensis 
Storr, 1978 

Storr, G.M. (1978b) Taxonomic notes on the reptiles of 
the Shark Bay region, Western Australia. Records of 
the Western Australian Museum 6: 303-318 [304]. 

Holotype 

R54627, ‘4 km S of Useless Loop [Shark Bay], WA 
(26°10'S, 113°25'E)’, G. Harold and M. Peterson, 24 
August 1976. 

Paratypes (4) 

R54755, 5 km S Useless Loop, WA; R54814, R54863, 
4 km S Useless Loop, WA; R55085, 10 km NW Useless 
Loop, WA. 

ACKNOWLEDGEMENTS 

The authors would like to thank Glenn Shea 
(University of Sydney and AMS) for discussions 
regarding type material and the history of some species 
descriptions or authors, Laurie Smith and Ron Johnstone 
(WAM) for discussions regarding historic type 
specimens held at the WAM and assisting in identifying 
authors of entries and annotations in hardcopy WAM 
herpetology registers, Kenny Travouillon (WAM) for 
examining and photographing the type specimen of P. 
barbouri in the MNHN collection, Glenn Shea, Mark 
Hutchinson (SAMA) and Paul Oliver (Queensland 
Museum) for discussion regarding the identification, 
history and status of P. barbouri, Katie Smith Date 
(NMV) for examining and photographing the potential 
syntypes of Gehyra variegatus punctatus collected 
during the Horn Expedition in the NMV collection, 
Patrick Campbell (NHMUK) for providing additional 
information on the Nephrurus wheeleri paratype held 
at the NHMUK, and Ian Brennan (Australian National 
University) for technical discussions regarding pygopod 
species presented in this manuscript and providing 
unpublished molecular data that was used to recognise 
Delma haroldi as a junior synonym of D. butleri. AMB 
was supported by US National Science Foundation 
grant DEB 1555968. 


RYAN J. ELLIS, PAUL DOUGHTY AND AARON M. BAUER 

REFERENCES 

Angel, F. (1936). Deux gekkos nouveaux de Madagascar 
appartenant au genre Phyllodactylus. Bulletin de la Societe 
Zoologique de France 61: 508-511. 

Angel, F. (1942). Les lezards de Madagascar. Memoires de 
Academie Malgache 36: 1-139. 

Anonymous. (1896, November 17). Donations to the Museum. 
The West Australian (New Series) Vol. 12(No. 3351): 3. 

Anonymous. (1907a, July 19). Diseased camels. The Age 
No. 16334: 6. 

Anonymous. (1907b, October 30). Port Hedland camels. The 
West Australian (New Series) Vol. 13(No. 6741): 10. 

Anonymous. (1908, April 28). The Century camels. The West 
Australian (New Series) Vol. 14(No. 6894): 7. 

Anonymous. (1960). Type specimens in the Western Australian 
Museum (Part 1). Western Australian Museum Annual 
Report 1959-60: 28-31. 

Anonymous. (1961). Type specimens in the Western Australian 
Museum (Part 2). Western Australian Museum Annual 
Report 1960-61: 35-39. 

Anonymous. (1963). Type specimens in the Western Australian 
Museum (Part 4). Western Australian Museum Annual 
Report 1962-63: 38-40. 

Anonymous. (1964). Type specimens in the Western Australian 
Museum (Part 5). Western Australian Museum Annual 
Report 1963-64: 38-40. 

Anonymous. (1966). Type specimens of the Western Australian 
Museum (Part 7). Western Australian Museum Annual 
Report 1965-66: 38-42. 

Anonymous. (1968). Type specimens of the Western Australian 
Museum (Part 9). Western Australian Museum Annual 
Report 1967-68: 62-64. 

Anonymous. (1970). Type specimens in the Western Australian 
Museum ( discontinued in the Annual Report ). Western 
Australian Museum Annual Report 1969-70: 44. 

Aplin, K.P. and Adams, M. (1998). Morphological and genetic 
discrimitation of new species and subspecies of gekkonid 
and scincid lizards (Squamata: Lacertilia) from the 
Carnarvon Basin region of Western Australia. Journal of 
the Royal Society of Western Australia 81: 201-223. 

Aplin, K.P. and Smith, L.A. (2001). Checklist of the frogs 
and reptiles of Western Australia. Records of the Western 
Australian Museum Supplement No. 63: 51-74. 

Barbour, T. and Loveridge, A. (1946). First supplement to 
typical reptiles and amphibians. Bulletin of the Museum of 
Comparative Zoology 96: 59-214. 

Bauer, A.M. and Doughty, P. (2012). A new bent-toed 
gecko (Squamata: Gekkonidae: Cyrtodactylus) from the 
Kimberley region, Western Australia. Zootaxa 3187: 32-42. 

Bauer, A.M. and Henle, K. (1994). Das Tierreich Part 109: 
Familia Gekkonidae (Reptilia, Sauria). Part I Australia and 
Oceania. Verlag Walter de Gruyter Publishers, Berlin. 

Bory de Saint-Vincent. (1823). Phyllure de Milius, Phyllurus 
milii. In, Audouin, [J.V.], Brongniart, A.[T.], Cambessedes, 
[J.], de Candolle, [A.L.P.P], Delafosse, G„ Deshayes, [G.P], 
[Loiseleur-]Deslon[g]champs, [J.L.A.], Drapiez, [P.A.J.], 
Edwards, [W.F.], Edwards, H.-M., Fee, A.[L.A.], Saint- 
Hilaire, G., Saint-Hilaire, I.G., Gucrinf-Mcncville], [F.E.], 
Guillemin, [A.], De Jussieu, A., Kunth, [C.S.], Latreille, 
[P.A.], Lesson, [R.P], Prevost, [L.]C., Richard, [A.], Bory de 
Saint-Vincent [J.B.G.M.]. Dictionnaire classique d’Histoire 
naturelle. Vol. 17. Atlas et Illustration de Planches. Rey et 
Gravier, Paris. Plate CXX, Figure 1. 

Boulenger, G.A. (1896). Descriptions of four new lizards from 
Roebuck Bay, N. W. Australia obtained by Dr. Dahl for 
the Christiania Museum. Ann als and Magazine of Natural 
History (6)18: 232-235. 


CATALOGUE OF TYPE SPECIMENS OF GECKOS AND PYGOPODS 


91 


Brennan, I.G., Bauer, A.M. and Jackman, T.R. (2016). 
Mitochondrial introgression via ancient hybridization, and 
systematics of the Australian endemic pygopodid gecko 
genus Delma. Molecular Phylogenetics and Evolution 94: 
577-590. 

Brygoo, E.-R. (1990). Les types de Gekkonides (Reptiles, 
Sauriens) du Musum national d’Histoire naturelle, 
catalogue critique. Bulletin du Museum National 
d’Histoire Naturelle, Paris (4)12(A)(3-4), supplement: 

19- 141. 

Bustard, H.R. (1965a). The systematic status of the Australian 
geckos Gehyra variegata (Dumeril and Bibron, 1836) and 
Gehyra australis Gray, 1845. Herpetologica 20: 259-272. 

Bustard, H.R. (1965b). The systematic status of the Australian 
gecko, Gehyra variegata punctata (Fry). Herpetologica 
21: 157-158. 

Bustard, H.R. (1969). Oedura reticulata, a new velvet gecko 
from south-west Western Australia. Western Australian 
Naturalist 11: 82-86. 

Cleland, J.B. (1909). Notes on several birds found at Strelley 
River (Pt. Hedland, Marble Bar Road), N.W. Australia. 
Emu 8: 155-156. 

Cogger, H.G. (1975). New lizards of the genus 
Pseudothecadactylus (Lacertilia: Gekkonidae) from 
Arnhem Land and northwestern Australia. Records of the 
Australian Museum 30: 87-97. 

Cogger, H.G. (1979). Type specimens of reptiles and 
amphibians in the Australian Museum. Records of the 
Australian Museum 32: 163-210. 

Cogger, H.G. (2000). Reptiles and Amphibians of Australia. 6 th 
edition. Reed New Holland, Sydney. 

Cogger, H.G. (2014). Reptiles and Amphibians of Australia. 7 th 
edition. CSIRO Publishing, Collingwood. 

Cogger, H.G., Cameron, E.E. and Cogger, H.M. (1983). 
Zoological Catalogue of Australia. Vol. 1. Amphibia and 
Reptilia. Australian Government Publishing Service, 
Canberra. 

Couper, P.J. and Gregson, R.A.M. (1994). Redescription of 
Nephrurus asper Gunther, and description of N. amyae 
sp. nov. and N. sheai sp. nov. Memoirs of the Queensland 
Museum 37: 67-81. 

Doughty, P., Bauer, A.M., Pepper, M. and Keogh, J.S. (2018a) 
Spots before the eyes: revision of the saxicoline geckos 
of the Gehyra punctata (Squamata: Gekkonidae) species 
complex in the Pilbara region of Western Australia. 
Records of the Western Australian Museum 33(1): 1-50. 
doi: 10.18195/issn.0312-3162.33(l).2018.001-050 

Doughty, P., Bourke G., Tedeschi, L.G., Pratt, R.C., Oliver, 
P.M., Palmer, R.A. and Moritz, C. (2018b). Species 
delimitation in the Gehyra nana (Squamata: Gekkoidae) 
complex: cryptic and divergent morphological evolution in 
the Australian Monsoonal Tropics, with the description of 
four new species. Zootaxa 4403: 201-244. doi: 10.11646/ 
zootaxa.4403.2.1 

Doughty, P., Ellis, R.J. and Oliver, P.M. (2016). Many things 
come in small packages: revision of the clawless geckos 
(Crenadactylus ; Diplodactylidae) of Australia. Zootaxa 
4168: 239-278. doi: 10.11646/zootaxa.4168.2.2 

Doughty, P. and Hutchinson, M.N. (2008). A new species of 
Lucasium (Squamata: Diplodactylidae) from the southern 
deserts of Western Australia and South Australia. Records 
of the Western Australian Museum 25: 95-106. 

Doughty, P. and Oliver, P.M. (2011). A new species of 
Underwoodisaurus (Squamata: Gekkota: Carphodactylidae) 
from the Pilbara region of Western Australia. Zootaxa 3010: 

20- 30. 


Doughty, P. and Oliver, P.M. (2013). Systematics of 
Diplodactylus (Squamata: Diplodactylidae) from the south¬ 
western Australian biodiversity hotspot: redefinition of 
D. polyopthalmus and the description of two new species. 
Records of the Western Australian Museum 28: 44-65. 

Doughty, P., Oliver, P. and Adams, M. (2008). Systematics 
of stone geckos in the genus Diplodactylus (Reptilia: 
Diplodactylidae) from northwestern Australia, with a 
description of a new species from the Northwest Cape, 
Western Australia. Records of the Western Australian 
Museum 24: 247-265. 

Doughty, P., Palmer, R., Sistrom, M.J., Bauer, A.M. and 
Donnellan, S.C. (2012). Two new species of Gehyra 
(Squamata: Gekkonidae) geckos from the north-west 
Kimberley region of Western Australia. Records of the 
Western Australian Museum 27: 117-134. 

Doughty, P., Pepper, M. and Keogh, J.S. (2010). Morphological 
and molecular assessment of the Diplodactylus savagei 
species complex in the Pilbara region, Western Australia, 
with a description of a new species. Zootaxa 2393: 33-45. 

Dumeril, A.M.C. and Bibron, G. (1836). Erpetologie Generale 
ou Histoire Naturelle Complete des Reptiles. Vol. 3. 
Librairie Encyclopedique de Roret, Paris. 

Dumeril, A.M.C. and Dumeril, A.H.A. (1851). Catalogue 
Methodique de la Collection des Reptiles. Gide et 
Baudry, Paris. 

Donnellan, S.C., Aplin, K.P. and Dempsey, P.J. (2000) Genetic 
and morphological variation in Australian Christinas 
(Squamata: Gekkonidae): preliminary overview with 
recognition of a cryptic species on the Nullabor Plain. 
Australian Journal of Zoology 48: 289-315. doi: 10.1071/ 
ZO98015 

Ellis, R.J., Doughty, P. and Roberts, J.D. (2017). An annotated 
type catalogue of the frogs (Amphibia: Anura: Hylidae, 
Limnodynastidae, Myobatrachidae) in the collection of 
the Western Australian Museum. Records of the Western 
Australian Museum 32:1-28. doi: 10.18195/issn.0312- 
3162.32(l).2017.001-028 

Ellis, R.J. and Georges, A. (2015). An annotated type catalogue 
of the turtles (Testudines: Pleurodira: Chelidae) in the 
collection of the Western Australian Museum. Records of 
the Western Australian Museum 30: 52-60. doi: 10.18195/ 
issn.0312-3162.30(l).2015.052-060 

Fischer, J.G. (1882). Herpetologische Bemerkungen. II. Neue 
Eidechsen aus Australien und Polynesien. Archiv fur 
Naturgeschichte 48: 286-302 + pi. XVI. 

Fry, D.B. (1914). On a collection of reptiles and batrachians 
from Western Australia. Records of the Western Australian 
Museum and Art Gallery 1: 174-210. 

Glauert, L. (1952). Herpetological miscellanea. I. Notes of some 
forms of Diplodactylus. Western Australian Naturalist 3: 
166-168. 

Gray, J.E. (1832). Three new animals brought from New 
Holland by Mr Cunningham. Proceedings of the 
Committee of Science and Correspondance of the 
Zoological Society of London 1832: 39-40. 

Greer, A.E. (1989). The Biology and Evolution of Australian 
Lizards. Surrey Beatty & Sons, Chipping Norton. 

Harvey, C. (1983). A new spcies of Nephrurus (Reptilia: 
Gekkonidae) from South Australia. Transactions of the 
Royal Society of South Australia 107: 231-235. 

Hill, F.L. (1955). Notes on the natural history of the Monte Bello 
Islands. Proceedings of the Linnean Society of London 165: 
113-124. doi: 10.1111/j.l095-8312.1955.tb00724.x 

Horner, P. (1999) Type specimens of terrestrial vertebrates in 
the Museum and Art Gallery of the Northern Territory — 


92 

1973 to 1999. The Beagle, Records of the Museums and Art 
Galleries of the Northern Territory 15: 55-74. 

Horner, P. (2005). Gehyra koira sp. nov. (Reptilia: 
Gekkonidae), a new species of lizard with two allopatric 
subspecies from the Ord-Victoria region of north-western 
Australia and a key to the Gehyra australis species 
complex. The Beagle, Records of the Museums and Art 
Galleries of the Northern Territory 21: 165-174. 

Hutchinson, M.N., Doughty, P. and Oliver, P.M. (2009). 
Taxonomic revision of the stone geckos (Squamata: 
Diplodactylidae: Diplodactylus ) of southern Australia. 
Zootaxa 2167: 25-46. 

Hutchinson, M.N., Sistrom, M.J., Donnellan, S.C. and 
Hutchinson, R.G. (2014). Taxonomic revision of the 
Australian arid zone lizards Gehyra variegata and G. 
montium (Squamata, Gekkonidae) with description of 
three new species. Zootaxa 3814: 221-241. doi: 10.11646/ 
zootaxa.3814.2.4 

International Commission on Zoological Nomenclature 
[ICZN]. (1999). International Code of Zoological 
Nomenclature. 4th edition. The International Trust for 
Zoological Nomenclature, London. 

International Commission on Zoological Nomenclature 
[ICZN]. (2003). Declaration 44 - Amendment of Article 
74.7.3. Bulletin of Zoological Nomenclature 60: 263. 

International Commission on Zoological Nomenclature 
[ICZN], (2012). Amendment of Articles 8, 9, 10, 21 and 78 
of the International Code of Zoological Nomenclature to 
expand and refine methods of publication. ZooKeys 219: 
1 - 10 . 

James, B.H., Donnellan, S.C. and Hutchinson, M.N. (2001). 
Taxonomic revision of the Australian lizard Pygopus 
nigriceps (Squamata: Gekkonoidea). Records of the South 
Australian Museum 34: 37-52. 

Jennings, W.B., Pianka, E.R. and Donnellan, S. (2003). 
Systematics of the lizard family Pygopodidae with 
implications for the diversification of Australian temperate 
biotas. Systematic Biology 52: 757-780. 

Kealley, L., Doughty, P., Pepper, M., Keogh, S., Hillyer, M. and 
Huey, J. (2018) Conspicuously concealed: revision of the 
arid clade of the Gehyra variegata (Gekkonidae) species 
group in Western Australia using an integrative molecular 
and morphological approach, with the description of five 
cryptic species. PeerJ 6: e5334. 

King, M. (1984a). A new species of Gehyra (Reptilia: 
Gekkonidae) from northern Western Australia. 
Transactions of the Royal Society of South Australia 108: 
113-117. 

King, M. (1984b). Three new species of Oedura (Reptilia: 
Gekkonidae) from the Mitchell Plateau of north Western 
Australia. Amphibia-Reptilia 5: 329-337. 

Kinghorn, J.R. (1926). A brief review of family Pygopodidae. 
Records of the Australian Museum 15: 40-64. 

Kluge, A.G. (1962a). A new species of gekkonid lizard, genus 
Diplodactylus (Gray), from the southern interior of Western 
Australia. Western Australian Naturalist 8: 97-101. 

Kluge, A.G. (1962b). A new species of gekkonid lizard, genus 
Diplodactylus, from the Carnarvon region, Western 
Australia. Western Australian Naturalist 8: 73-75. 

Kluge, A.G. (1963a). Three new species of the gekkonid lizard 
genus Diplodactylus Gray from Australia. Records of the 
Australian Museum 14: 545-553 

Kluge, A.G. (1963b). A review of the gekkonid lizard genus 
Heteronota Gray, with a description of a new species from 
Western Australia. Journal of the Royal Society of Western 
Australia 46: 63-67. 


RYAN J. ELLIS, PAUL DOUGHTY AND AARON M. BAUER 

Kluge, A.G. (1965). The systematic status of certain 
Australian lizards of the family Gekkonidae. Australian 
Zoologist 13: 121-125. 

Kluge, A.G. (1967). Systematics, phylogeny, and 
zoogeography of the lizard genus Diplodactylus Gray 
(Gekkonidae). Australian Journal of Zoology 15: 1007- 
1108. 

Kluge, A.G. (1974). A taxonomic revision of the lizard family 
Pygopodidae. Miscellaneous Publications, Museum of 
Zoology, University of Michigan 147: 1-221. 

Kluge, A.G. (1976). Phylogenetic relationships in the lizard 
family Pygopodidae: an evaluation of theory, methods and 
data. Miscellaneous Publications, Museum of Zoology, 
University of Michigan 152: 1-72. 

Kluge, A.G. (1984) Type-specimens of reptiles in 
the University of Michigan Museum of Zoology. 
Miscellaneous Publications, Museum of Zoology, 
University of Michigan 167: 1-84. 

Loveridge, A. (1932). New lizards of the genera Nephrurus 
and Amphibolurus from Western Australia. Proceedings of 
the New England Zoological Club 13: 31-34. 

Lucas, A.H.S. and Frost, C. (1896). Reptilia. In: Spencer, 
W. B. (ed.) Report on the work of the Horn Scientific 
Expedition to Central Australia. Part II. - Zoology. 
Dulau and Co., London and Melville, Mullen and Slade, 
Melbourne, pp. 112-175 + pi. VIII-XII. 

Maryan, B., Aplin, K.P. and Adams, M. (2007). Two 
new species of the Delma tincta group (Squamata: 
Pygopodidae) from northwestern Australia. Records of the 
Western Australian Museum 23: 273-305. 

Maryan, B., Adams, M. and Aplin, K.P. (2015a). 
Taxonomic resolution of the Aprasia repens species- 
group (Squamata: Pygopodidae) from the Geraldton 
Sandplains: a description of a new species and additional 
mainland records of A. clairae. Records of the Western 
Australian Museum 30: 12-32. doi: 10.18195/issn.0312- 
3162.30(l).2015.012-032 

Maryan, B., Brennan, I.G., Adams, M. and Aplin, K.P. 
(2015b). Molecular and morphological assessment of 
Delma australis Kluge (Squamata: Pygopodidae), with 
a description of a new species from the biodiversity 
‘hotspot’ of southwestern Western Australia. Zootaxa 
3946: 301-330. doi: 10.11646/zootaxa.3946.3.1 

Maryan, B., Bush, B.G. and Adams, M. (2013a). 
Morphological and molecular assessment of Aprasia 
fusca and A. rostrata (Squamata: Pygopodidae), with 
a description of a new species from the Lake MacLeod 
region, Western Australia. Records of the Western 
Australian Museum 28: 144-163. 

Maryan, B., How, R.A. and Adams, M. (2013b). A new 
species of the Aprasia repens species-group (Squamata: 
Pygopodidae) from Western Australia. Records of the 
Western Australian Museum 28: 30-43. 

Mitchell, F.J. (1965). Australian geckos assigned to the genus 
Gehyra Gray (Reptilia, Gekkonidae). Senckenbergiana 
Biologica 46: 287-319. 

Oliver, P. and Bauer, A.M. (2011). Systematics and evolution 
of the Australian knob-tail geckos ( Nephrurus, 
Carphodactylidae, Gekkota ): Plesiomorphic grades 
and biome shifts through the Miocene. Molecular 
Phylogenetics and Evolution 59: 664-674. doi: 10.1016/j. 
ympev.2011.03.018 

Oliver, P., Bauer, A.M., Greenbaum, E., Jackman, T. and 
Hobbie, T. (2012). Molecular phylogenetics of the 
arboreal Australian gecko genus Oedura Gray 1842 
(Gekkota: Diplodactylidae): Another plesiomorphic grade? 


CATALOGUE OF TYPE SPECIMENS OF GECKOS AND PYGOPODS 


93 


Molecular Phylogenetics and Evolution 63: 255-264. doi: 
10.1016/j.ympev.2011.12.013 

Oliver, P.M., Bourke, G., Pratt, R.C., Doughty, P. and Moritz, 
C. (2016). Systematics of small Gehyra (Squamata: 
Gekkonidae) of the southern Kimberley, Western 
Australia: redescription of G. kimberleyi Borner & 
Schiittler, 1983 and description of a new restricted 
range species. Zootaxa 4107: 49-64. doi: 10.11646/ 
zootaxa.4107.1.2 

Oliver, P.M., Couper, P.J. and Pepper, M. (2014a). Independent 
transitions between monsoonal and arid biomes revealed 
by systematic revision of a complex of Australian geckos 
(Diplodactylus : Diplodactylidae). PLoS ONE 9: elll895. 
doi: 10.1371/journal.pone.0111895 
Oliver, P.M. and Doughty, P. (2016). Systematic revision of 
the marbled velvet geckos ( Oedura marmorata species 
complex, Diplodactylidae) from the Australian arid and 
semi-arid zones. Zootaxa 4088: 151-176. doi: 10.11646/ 
zootaxa.4088.2.1 

Oliver, P.M., Hutchinson, M.N. and Cooper, S.J.B. 
(2007). Phylogenetic relationships in the lizard genus 
Diplodactylus Gray and resurrection of Lucasium 
Wermuth (Gekkota, Diplodactylidae). Australian Journal 
of Zoology 55: 197-210. doi: 10.1071/Z007008 
Oliver, P.M., Laver, R.J., Melville, J. and Doughty, P. (2014b). 
A new species of velvet gecko ( Oedura : Diplodactylidae) 
from the limestone ranges of the southern Kimberley, 
Western Australia. Zootaxa 3873: 49-61. doi: 10.11646/ 
zootaxa.3873.1.4 

Parker, H.W. (1956). The lizard genus Aprasia; its taxonomy 
and temperature-correlated variation. Bulletin of the 
British Museum (Natural History) 3: 365-385. 

Pepper, M., Doughty, P., Hutchinson, M.N. and Keogh, 
J.S. (2011). Ancient drainages divide cryptic species 
in Australia’s arid zone: morphological and multi¬ 
gene evidence for four new species of Beaked Geckos 
( Rhynchoedura ). Molecular Phylogenetics and Evolution 
61: 810-822. doi: 10.1016/j.ympev.2011.08.012 
Pepper, M., Doughty, P., Fujita, M.K., Moritz, C. and Keogh, 
J.S. (2013). Speciation on the rocks: integrated systematics 
of the Heteronotia spelea species complex (Gekkota; 
Reptilia) from Western and central Australia. PLoS ONE 
8: e78110. doi: 10.1371/journal.pone.0078110 
Pepper, M., Doughty, P. and Keogh, J.S. (2006). Molecular 
phylogeny and phylogeography of the Australian 
Diplodactylus stenodactylus (Gekkota; Reptilia) species- 
group based on mitochondrial and nuclear genes reveals 
an ancient split between Pilbara and non-Pilbara D. 
stenodactylus. Molecular Phylogenetics and Evolution 41: 
539-555. doi: 10.1016/j.ympev.2006.05.028 
Peron, F. (1807). Voyage de Decouvertes Aux Terres Australes, 
execute par ordre de Sa Majeste VEmpereur et Roi, Sur 
les Corvettes le Geographe, le Naturaliste, et la Goelette 
le Casuarina, Pendant les Annees 1800, 1801, 1802, 1803 
et 1804. Imprimerie Imperiale, Paris. 

Peters, W.C.H. (1863). Ubersicht der von Hrn. Richard 
Schomburgk an das zoologische Museum eingesandten 
Amphibien, aus Buchsfelde bei Adelaide in Siidaustralien. 
Monatsberichte der koniglichen Akademie der 
Wissenschaften zu Berlin 1863: 228-236. 

Sabaj Perez, M.H. (2016). Standard symbolic codes for 
institutional resource collections in herpetology and 
ichthyology: an online reference. Version 6.5 (16 
August 2016). American Society of Ichthyologists and 


Herpetologists, Washington, DC. Available at: http://www. 
asih.org/ 

Schliiter, A. and Hallermann, J. (1997). The type specimens 
in the herpetological collection of the Staatliches Museum 
fur Naturkunde in Stuttgart. Stuttgarter Beitrage zur 
Naturkunde Series A (Biologie) 553: 1-15. 

Shea, G.M. (1991). Revisionary notes on the genus Delma 
(Squamata: Pygopodidae) in South Australia and the 
Northern Territory. Records of the South Australian 
Museum 25: 71-90. 

Shea, G.M. (2002). The identity of Phyllurus milii Bory 
de Saint Vincent, 1823 (Squamata: Pygopodidae: 
Diplodactylidae). Records of the Australian Museum 20: 
431-435. 

Shea, G.M. and Sadlier, R.A. (1999). A catalogue of the 
non-fossil amphibian and reptile type specimens in the 
collection of the Australian Museum: types currently, 
previously and purportedly present. Technical Reports of 
the Australian Museum 15: 1-92. 

Smith, L.A. (1989). Taxonomic status of the gecko 
Pseudothecadactylus lindneri cavaticus Cogger. Records 
of the Western Australian Museum 14: 425-426. 

Smith, L.A. (1995). A new Diplodactylus, subgenus 
Strophurus (Lacertilia: Gekkonidae) from northern 
Australia. Records of the Western Australian Museum 17: 
351-353. 

Smith, L.A. and Henry, J. (1999). Aprasia picturata 
(Squamata: Pygopodidae), a new legless lizard from the 
interior of Western Australia. Journal of the Royal Society 
of Western Australia 82: 75-77. 

Storr, G.M. (1963). The gekkonid genus Nephrurus in 
Western Australia, including a new species and three 
new subspecies. Journal of the Royal Society of Western 
Australia 46: 85-90. 

Storr, G.M. (1968). Nephrurus stellatus, A new knob-tailed 
gecko from southern Australia. Western Australian 
Naturalist 10: 180-182. 

Storr, G.M. (1970). Aprasia smithi, a new worm-lizard 
(Pygopodidae) from Western Australia. Western 
Australian Naturalist 11: 141. 

Storr, G.M. (1978a). Seven new gekkonid lizards from 
Western Australia. Records of the Western Australian 
Museum 8: 337-352. 

Storr, G.M. (1978b). Taxonomic notes on the reptiles of the 
Shark Bay region, Western Australia. Records of the 
Western Australian Museum 6: 303-318. 

Storr, G.M. (1979a). The Diplodactylus vittatus complex 
(Lacertilia, Gekkonidae) in Western Australia. Records of 
the Western Australian Museum 7: 391-402. 

Storr, G.M. (1979b). Five new lizards from Western Australia. 
Records of the Western Australian Museum 8: 134-142. 

Storr, G.M. (1982). Two new Gehyra (Lacertilia: Gekkonidae) 
from Australia. Records of the Western Australian 
Museum 10: 53-59. 

Storr, G.M. (1983). Two new lizards from Western Australia 
(genera Diplodactylus and Lerista ). Records of the 
Western Australian Museum 11: 59-62. 

Storr, G.M. (1987a). The genus Phyllodactylus (Lacertilia: 
Gekkonidae) in Western Australia. Records of the Western 
Australian Museum 13: 275-284. 

Storr, G.M. (1987b). Three new legless lizards (Pygopodidae) 
from Western Australia. Records of the Western 
Australian Museum 13: 345-355. 


94 

Storr, G.M. (1988a). Anew species of Diplodactylus (Lacertilia: 
Gekkonidae) from northwestern Australia. Records of the 
Western Australian Museum 14: 183-187. 

Storr, G.M. (1988b). Three new Diplodactylus (Lacertilia: 
Gekkonidae) from the arid zone of Australia. Records of the 
Western Australian Museum 14: 217-223. 

Storr, G.M. (1988c). The subspecies of Diplodactylus spinigerus 
(Lacertilia: Gekkonidae). Records of the Western Australian 
Museum 14: 177-182. 

Storr, G.M. (1988d). The Diplodactylus ciliaris complex 
(Lacertilia: Gekkonidae) in Western Australia. Records of 
the Western Australian Museum 14: 121-188. 

Storr, G.M. (1989). Anew Heteronotia (Lacertilia: Gekkonidae) 
from Western Australia. Records of the Western Australian 
Museum 14: 269-273. 


RYAN J. ELLIS, PAUL DOUGHTY AND AARON M. BAUER 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1990). Lizards 
of Western Australia III: Geckos and Pygopods. Western 
Australian Museum, Perth. 

Wells, R.W. and Wellington, C.R. (1984) A synopsis of the class 
Reptilia in Australia. Australian Journal of Herpetology 1: 
73-129. 

Wermuth, H. (1965) Liste der rezenten Amphibien und 
Reptilien: Gekkonidae, Pygopodidae, Xantusiidae. Das 
Tierreich 80: xxii + 246. 

Wilson, S. and Swan, G. (2003). A Complete Guide to Reptiles 
of Australia. Reed New Holland, French’s Forest. 

Wilson, S. and Swan, G. (2017). A Complete Guide to Reptiles of 
Australia. 5th edition. Reed New Holland Publishers, Sydney. 


MANUSCRIPT RECEIVED 13 APRIL 2017; ACCEPTED 7 JUNE 2018. 



RECORDS OF THE WESTERN AUSTRALIAN MUSEUM 


33 


095-102 (2018) DOI: 10.18195/issn.0312-3162.33(1).2018.095-102 


Two new species of the tropical facelinid 
nudibranch Moridilla Bergh, 1888 
(Heterobranchia: Aeolidida) from Australasia 

Leila Carmona 1 " and Nerida G. Wilson 2 

1 Department of Marine Sciences, University of Gothenburg, Box 460, Gothenburg 40530, Sweden; 
Gothenburg Global Biodiversity Centre, Box 461, Gothenburg SE-405 30, Sweden. 

2 Molecular Systematics Unit, Western Australian Museum, Locked Bag 49, Welshpool DC, Western 
Australia 6986, Australia; School of Biological Sciences, University of Western Australia, Crawley, 
Western Australia 6009, Australia. 

* Corresponding author: leilacarmonabarnosi@gmail.com 


ABSTRACT - The Indo-Pacific aeolid nudibranch Moridilla brockii Bergh, 1888 comprises a species 
complex. Here we describe two morphs from the complex as new species. Using morphological 
comparisons, we show the new species to be closely related but distinct from each other and from 
M. brockii. Distributed across north-western Australia, M. fifo sp. nov. is known from Exmouth, 
Western Australia to the Wessel Islands, Northern Territory, whereas M. hermanita sp. nov. is known 
only from Madang, Papua New Guinea. Differences between the two species include colouration, 
the size of the receptaculum seminis and some distinction in the jaws. Unravelling the entire 
complex will take much wider geographic sampling, and will require recollection from the type 
locality of M. brockii. This group is yet another example of a purportedly widespread aeolid species 
comprising a complex of species. 


KEYWORDS: nudibranchia, morphology, cryptic species complex 


urn:lsid:zoobank.org:pub:2D0B250B-74DC-4E55-814B-0B2FB304200A 


INTRODUCTION 

As our understanding of the ocean’s biodiversity 
improves, so does the recognition of previously 
undetected cryptic diversity. In many cases, this is 
assisted by enhanced technology or additional sources 
of data such as DNA sequencing. However in many 
cases, it is simply by having broader geographic 
taxon sampling. This is certainly true for taxa 
thought to be widespread, but later shown to consist 
of a complex of species. Recent investigations into 
presumed widespread aeolid species has resulted in 
the recognition of multiple species (e.g. Carmona et 
al. 2014a, b, c, Wilson & Burghardt 2015, Kienberger 
et al. 2016). 

This study focuses on the monotypic genus 
Moridilla Bergh, 1888, first described from Indonesia, 
and subsequently reported throughout the Indo-Pacific 
(e.g. Gosliner et al. 2015). The original description had 
only a few notes on live colouration from the collector 
Brock, and was based on a single individual (Bergh, 
1888). A subsequent redescription was based on a large 
number of animals collected from the Gulf of Mannar, 


India, which reported some important differences, such 
as the position of the anus, the papillate patterning of 
the rhinophores and general body colouration (Rao, 
1965), and thus, may not represent the original species. 
One of the unique features of this genus is that the 
morphology of most of the dorsal cerata close to the 
midline of the body are different to the rest. They are 
substantially elongated, held in coiled position, and 
are differently coloured to the others. When a threat 
is sensed by the animal, these are extended full length 
(presumably to make the animal look larger) and are 
waved about vigorously. 

In north-western and northern Australia, there 
exists a distinctive colour morph of M. ‘brockii’, not 
found elsewhere. Here we describe its morphology, 
derive mitochondrial DNA sequence data and elevate 
it to a species-level taxon. We also describe a new 
species from Papua New Guinea, which is the sister 
species to the northern Australian species according 
to molecular data (unpubl. obs). Unravelling the 
phylogeny and systematics of the entire complex is an 
ongoing endeavour. 
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METHODS 

The material utilised in the present study is housed 
in the Western Australian Museum, Perth (WAM), 
Museum and Art Gallery of the Northern Territory, 
Darwin (MAGNT), and the California Academy of 
Sciences, San Francisco (CAS) (see Table 1). Specimens 
were either preserved directly in ethanol, or relaxed 
and fixed in 10% formalin. The buccal masses were 
removed from the animals and placed in a solution of 
sodium hydroxide. After about 24 hours of digestion, 
the connective membranes were removed with fine 
needles from the remainder of the buccal apparatus 
and jaw and radula isolated. The jaws and radula were 
cleaned in multiple baths of molecular grade water and 
placed on SEM stubs with carbon tape. Once dried, 
the specimens were imaged at variable voltage uncoated 
in a Hitachi TM3030Plus, Tabletop Scanning Electron 
Microscope (SEM). Female genitalia were removed 
under a Leica M80 dissecting microscope, and 
illustrated with the aid of a camera lucida. 

DNA was extracted from tissue samples using 
a DNeasy blood & tissue kit (Qiagen) according to 
manufacturer’s instructions. 1-2 ul of extraction were 
used in subsequent 25 ul PCR reactions using 0.2ul 
taq. Partial Cytochrome c Oxidase subunit I ( COI ) 
was amplified using the universal primers LCO/HCO 
(Folmer et al. 1994), using standard PCR conditions, 
annealing primers at 48°C. Sequencing was outsourced 
to the Australian Genome Research Facility (AGRF) and 
the bi-directional reads were assembled and edited using 
Geneious v9 (Kearse et al. 2012). 


SYSTEMATICS 

Heterobranchia Burmeister, 1837 
Nudibranchia Cuvier, 1817 
Superfamily Aeolidioidea Gray, 1827 
Family Facelinidae Bergh, 1889 
Genus Moridilla Bergh, 1888 
Moridilla Bergh, 1888: 680. 

Moridella Rao, 1965 (incorrect spelling). 

Morildilla internet useage (incorrect spelling). 

TYPE SPECIES 

Moridilla brockii Bergh, 1888 by original designation. 

REMARKS 

Bergh (1888) described this monospecific genus 
based on a single specimen collected from Edam, 
which is an island from the South Thousand Islands 
Archipelago (Kepulauan Seribu) off Jakarta, Indonesia. 
The island itself is now known as Damar Besar/Damar 
Tengah (5°57'26"S, 106°50'40"E). According to Bergh 
(1888) this genus is characterised by having ‘Corpus 
gracilius, elongatum, subcompressum; rhinophoria quasi 
moriformia; tentacula sat elongata. Papillae (dorsales) 
vix caducae, elongate; seriebus obliquis dispositae, 
antice areis confertis. Podarium sat angustum, antice 


TABLE 1 Material used in this study. Types in bold. 


Accession 

Species 

Location 

Depth (m) 

SEM 

Dissection 

Type status 

Live photo 

WAM S12621 

fifo 

Dampier Archipelago, WA 

7 




no 

WAM S44511 

fifa 

Kimberley, WA 

11 

YES 

YES 

Paratype 

yes 

WAM S58696 

fifa 

Kimberley, WA 

20 




no 

WAM S78642 

fifo 

Dampier Archipelago, WA 

8 




yes 

WAM S85199 

fifo 

Kimberley, WA 

13 




no 

WAM S85204 

fifo 

Kimberley, WA 

12 

YES 

YES 

Paratype 

no 

WAM S92140 

fifo 

Exmouth, WA 

7 




yes 

WAM S92144 

fifo 

Exmouth, WA 

7 




yes 

WAM S92164 

fifo 

Exmouth, WA 

7 




yes 

WAM S96060 

fifo 

Montebello Islands, WA 

16 

YES 

YES 

Paratype 

yes 

WAM S96061 

fifo 

Montebello Islands, WA 

16 

YES 

YES 

Holotype 

yes 

NTM P.58246 

fifo 

Montebello Islands, WA 

8 



Paratype 

yes 

WAM S98700 

fifo 

Kimberley, WA 

15 




yes 

WAM S98735 

fifo 

Kimberley, WA 

13 




yes 

WAM S99735 

fifo 

Kimberley, WA 

27 




no 

WAM SI 10014 

fifo 

Dampier Archipelago, WA 

6 




yes 

WAM SI 10068 

fifo 

Dampier Archipelago, WA 

10 




yes 

CASIZ 190756-A 

hermanita 

Madang, PNG 

5 

YES 

YES 

Holotype 

yes 

CASIZ 190756-B 

hermanita 

Madang, PNG 

5 



Paratype 

no 
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FIGURE 1 Distribution map of Moridilla fifo sp. nov. and 
M. hermanita sp. nov.. Coloured dots indicate 
type localities, black dots represent additional 
selected records. 

angulis tentaculatim productis. Mandibule non 
elongatae; processus masticatorius mandibulae nonnihil 
curvatus, serie denticulorum grossiorum singula. Dentes 
linguae uniseriate, fere ut in Facelinis —Penis inermis’. 
Rao (1965) reviewed the genus and the type species 
(under the incorrect name Moridella brockii ) with 
material from the Gulf of Mannar. The author found 
some differences in colouration, the position of the anus, 
and the rhinophorial papillae between Bergh’s specimens 
and those studied by him. Some years later, Edmunds 
(1970) suggested that Moridilla and Palisa Edmunds, 
1964 were very similar to Noumeaella Risbec, 1937, and 
needed a revision. However preliminary recent work 
has indicated that at least Moridilla is separated from 
Noumeaella (Carmona et al. 2015). 

Moridilla fifo sp. nov. 

Figures 1-4 

urn:lsid:zoobank.org:act:ABE605B8-713D-4323-9BF9- 

710025D70D0F 

Moridilla sp 1.: Gosliner et al. 2015: 378. 

Moridilla sp.: Debelius 1998: 309; Gosliner et al. 2008: 
393. 

Moridilla brockii Coleman 2008: p. 271 (middle left); 
Coleman 2001: 111 (lower middle); Coleman et al. 
2015: 219 (lower right). 


MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: Montebello Islands, 
N. of Pansy Island, 20°35548 S, 115°55082 E, 15 April 

2015, SCUBA, 16 m, coll: Kara Layton (WAMS 96061), 
dissected. COI accession MH673283. 

Paratypes 

Australia: Western Australia: From type locality, 
(WAMS 96060), dissected. Montebello Islands, E of 
Trimouille, west channel, 20°38412'S, 115°53884’E, 18 
April 2015, SCUBA, 8 m, coll: Clay Bryce (WAMS 
96363). Kimberley; Coulomb Point, 17.420167°S, 
122.075065°E, 15 June 2008, Dredge, CSIRO Station 
2037(a), 11 m, coll: John Keesing (WAMS 44511), 
dissected. Kimberley, Patricia Island, 14 o 15'10.729"S, 
125°18T5.941"E, 22 Oct 2012, SCUBA, 12 m, coll: Clay 
Bryce (WAMS 85204), dissected. 

Other material examined 

Australia: Western Australia: Kimberley, Eclipse 
Islands, 13°31’17.695’S, 125°54’22.072’E, Epibenthic 
Sled, Station ECL40/WA097, 27 m, coll: Oliver 
Gomez and Jenelle Ritchie (WAMS 99735). Kimberley, 
Bonaparte Archipelago, Condillac Island, 14°06'37.657"S, 
125°33'34.096"E, 21 Oct 2012, SCUBA, 13 m, coll: 
Clay Bryce (WAMS 85199). Kimberley, Bonaparte 
Archipelago, North Maret Island, 14.42968°S, 
124.97859°E, 17 Sep 2016, SCUBA, Station 185/K16, 
12 m, coll: Lisa Kirkendale (WAMS 98735). Kimberley, 
Bonaparte Archipelago, Robroy reefs, 14.42952°S, 
124.86136°E, 16 September 2016, SCUBA, Station 182/ 
K16, 15 m coll: Lisa Kirkendale and Nerida Wilson 
(WAMS 98700). Kimberley, Adele Island, 15°26'40.56"S, 
123°10T4.877"E, 15 October 2009, SCUBA, Station 06/ 
K09, 20 m, coll: Clay Bryce, Corey Whisson (WAMS 
58696). Dampier Archipelago, West Lewis Island, 
20°36.249'S, 116°35.710'E, 27 Jul 2000, SCUBA, Station 
DA4/00/06, 7 m, coll: Clay Bryce (WAMS 12621). 
Dampier Archipelago, West Lewis Island, 20.59016°S, 
116.60554°E, 29 Mar 2017, SCUBA, Station 23/D17, 10 m, 
coll: Lisa Kirkendale, Nerida Wilson, & Michelle Condy 
(WAMS 110014). Dampier Archipelago, West Lewis 
Island, 20.60455°S, 116.59530°E, 29 Mar 2017, SCUBA, 
Station 25/D17, 2-6 m, coll: Zoe Richards, Andrew Hosie, 
Ana Hara (WAMS 110068). Dampier Archipelago, Flying 
Foam Passage, 20.46743°S, 116.82782°E, 23 March 2017, 
SCUBA, Station 4/D17, 8 m, coll: Lisa Kirkendale, Nerida 
Wilson & Michelle Condy (WAMS 78642). Exmouth 
Gulf, Bundegi Reefs, 21.87053°S, 114.15874°E, 1 June 

2016, Station 3/EM16, 7 m, coll: Clay Bryce & Nerida 
Wilson (WAMS 92140, 92144, 92164). 

Additional geographic records (not examined): 

Bynoe Harbour, NTM P.23589; Darwin Harbour, NTM 
P.1310, NTM P.18072, NTM P.54331; Wessel Islands (near 
Nhulunbuy, previous name Gove) NTM P.32121. 

DISTRIBUTION 

Moridilla fifo sp. nov. is currently known from a 
southern point at Exmouth, WA, to a northern record at 
the Wessel Islands, Northern Territory (Figure 1). 
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DESCRIPTION 

Colour: The general body colour, including the foot 
corners, is translucent white to pale orange. The oral 
tentacles, rhinophores, and tail are bright orange, almost 
red. The olive-green digestive gland is often visible 
through the ceratal surface. In some specimens the ceratal 
surface are light blue, with a white subapical ring. Some 
other individuals have completely white or orange-red 
pigmented cerata. Most specimens have bright orange, 
almost red, cnidosacs. The distal tips of the ceratal 
surface of the large, coiled innermost cerata are always 
bright orange-red. The cnidosacs are not visible in these 
coiled cerata. The tail tip is orange on the midline. 


External morphology: The body is elongate and 
moderately broad, narrowing to the posterior end 
of the foot (Figure 2). The anterior foot corners are 
tentaculiform and short. The rhinophores are long, with 
elongate papillae on the posterior side. The oral tentacles 
are three times the length of the rhinophores. Cerata are 
spindle-shaped, long, and abundant. They are curved 
inwards towards the dorsal midline. They are arranged 
in up to five groups, one precardiac and four postcardiac, 
constituted by oblique rows. Each group have at least 
one long and coiled cera. This cera is placed in the 
upper part of the oblique row, close to the midline of 
the individual. Each row contains between 2 and 10 



FIGURE 2 Live images of: A) Moridilla fifo sp. nov. holotype WAMS96061; B) M. hermanita sp. nov. holotype CASIZ190756A; 

C) M. fifo sp. nov. WAMS63396; D) M. fifo sp. nov. juvenile WAMS110014; E) M. fifo sp. nov. WAMS98735; 
F) M. fifo sp. nov. WAMS92144. 
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FIGURE 3 Reproductive system of: A) Moridilla fifo sp. nov. WAMS96060, scale bar represents 1 mm; B) M. hermanita sp. 
nov. CASIZ190756A, scale bar = 0.5 mm. 


cerata. The anus is below the third group of cerata. The 
genital aperture is beneath the first right group of cerata. 
Internal morphology: The radular formula are: 19 x 0.1.0 
(WAMS85204), 20 x 0.1.0 (WAMS44511), 24 x 0.1.0 
(WAMS96060), and 25 x 0.1.0 (WAMS96061) (latter 
two, paratype and holotype, shown in Figure 4E, H). 
The radular teeth have well developed and triangular 
central cusp, with 3 or 4 smooth denticles on each side 
(Figure 4D, G). The jaws are translucent brown, large, 
and broad (Figure 4F, I). The masticatory border of the 
jaws bears up to 18 comb-like denticles. 

The reproductive system is diaulic (Figure 3). The 
hermaphroditic duct widens into large ampulla, which 
narrows again before dividing into the oviduct and vas 
deferens. The short vas deferens continues towards a 
well differentiated prostate, and finishes in the penial 
sac. The oviduct is short and connects to a small 
receptaculum seminis. The remaining portion of the 
oviduct separates from the base of the receptaculum 
and enters the female gland. The vagina opens ventrally 
relative to the penis. 

REMARKS 

Moridilla fifo sp. nov. has only been recorded from 
Exmouth, WA, north through the Pilbara and Kimberley, 
along the top of Australia as far east as Nhulunbuy, 
Northern Territory. It is known from the intertidal 
to 27m depth, concurrent with observations made by 
SCUBA divers. The type species, M. brockii needs 
further clarification, as no specimens from the type 
locality have been examined in recent studies. The 
original description reported live colouration of the 
cerata as ‘blackish’ with a light tip and a milky body 
colour (Bergh, 1888). Given that we now understand 
that there is a large complex of undescribed species 
associated with that name (unpub. obs), the application 
of the name M. brockii to Rao’s specimens cannot be 
justified. The colour morph here described as M. fifo sp. 
nov. has never been recorded away from the Australian 


coast, although other colour morphs of Moridilla have 
also been found overlapping with M. fifo sp. nov. in 
Australia. Therefore, the likelihood that M. fifo sp. 
nov. could be a synonym of M. brockii is extremely 
low. Accessing and sequencing samples from the type 
locality should be a priority for fixing the name. 

ETYMOLOGY 

The specific epithet refers to the method of employing 
a workforce (known as ‘fly-in-fly-out’, abbrev. FIFO, 
used as a noun in apposition) that is only temporarily 
located at a work site. This is very common for remote 
locations in the mining industry in the north-west 
of Australia where M. fifo sp. nov. is known. This 
employment mechanism is analogous to the method 
that many aeolids use, including Moridilla, to move a 
temporary workforce of undigested nematocysts from 
their cnidarian prey to the tips of their cerata to use 
for defense. 

Moridilla hermanita sp. nov. 

Figures 1-4 

urn:lsid:zoobank.org:act:F73BA31F-BD92-453C-9D91- 

4E76A8BD73FC 

MATERIAL EXAMINED 
Holotype 

Papua New Guinea: Madang Province: N Kranket 
Island, S Magic Passage, 05°11.2'S, 145°49.6’E, 9 
December 2012, SCUBA, Station PR215, 5 m, coll. 
Terrence M. Gosliner (CASIZ 190756_A). COI 
accession MH673282. 

Paratype 

Papua New Guinea: Madang Province: From type 
locality, (CASIZ 190756_B). 
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DISTRIBUTION 

Moridilla hermanita sp. nov. is known only from a 
single location off Kranket Island, Madang, Papua New 
Guinea (Figure 1). 

DESCRIPTION 

Colour: The general body colour, including the foot 
corners and oral tentacles, is translucent orange. The 
rhinophores are pale, almost white with bright orange 
tips. The eyes are visible at the posterior base of the 
rhinophores. The distal third of the oral tentacles is 
covered by white pigments, with bright orange tips. The 
olive-green digestive gland is visible through the ceratal 
surface. The cerata have a white subapical ring and 
bright orange cnidosacs. White pigments cover the large, 
innermost coiled cerata. The cnidosacs are not visible in 
these coiled cerata. The tail tip is white on the midline. 


External morphology: The body is elongate and 
moderately broad, narrowing to the posterior end of the 
foot. The anterior foot corners are tentaculiform and 
short. The rhinophores are long, completely covered 
by moderate papillae. The oral tentacles are twice the 
length of the rhinophores. Cerata are spindle-shaped, 
long, and abundant, but leaving a bare zone from behind 
the rhinophores to the tail. They are curved inwards 
towards dorsal mid line. They are arranged in up to five 
groups, one precardiac, four postcardiac, constituted by 
oblique rows. Each group has between 4 and 8 rows. Each 
group has at least one long and coiled cera. This cera is 
placed in the upper part of the oblique row, close to the 
midline of the individual. Each row contains between 2 
and 8 cerata. The anus is below the third group of cerata. 
The genital aperture is beneath the first right group of 
cerata. Internal morphology: The radular formula is 



FIGURE 4 Scanning electron micrographs (SEM) of holotype of: A-C) Moridilla hermanita sp. nov. CASIZ190756A; D-F) 
holotype of M. fifo sp. nov. WAMS96061; G-l) paratype of M. fifo sp. nov. WAMS96060. 
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22 x 0.1.0 (CASIZ 190756_A, holotype, Figure 4B). The 
radular teeth have a well developed and triangular central 
cusp, with 3 or 4 denticles on each side (Figure 4A). The 
jaws are translucent brown, large, and broad (Figure 4C). 
The masticatory border of the jaws bears up to 11 comb¬ 
like denticles. 

The reproductive system is diaulic (Figure 3). 
The hermaphroditic duct widens into large ampulla, 
which narrows again before dividing into the oviduct 
and vas deferens. The short vas deferens continues 
towards a well differentiated prostate, and finishes in 
the penial sac. The oviduct is short and connects to a 
large, rounded receptaculum seminis. The remaining 
portion of the oviduct separates from the base of the 
receptaculum and enters the female gland. The vagina 
opens ventrally relative to the penis. 

REMARKS 

So far this species is known only from two specimens 
collected from Madang, Papua New Guinea. The 
external colouration is very different to that of its sister 
species, M. fifo sp. nov. In particular, the rhinophores in 
M. hermanita sp. nov. are pale with orange tips, but show 
the reverse colouring in M. fifo sp. nov., which has orange 
rhinophores with pale tips. Similarly, the oversized, 
curled, midline cerata are coloured white in M. hermanita 
sp. nov. but orange in M. fifo sp. nov.. Internally, the two 
also differ in the shape of the receptaculum seminis. 

ETYMOLOGY 

The specific epithet, Tittle sister’ in Spanish, honours 
the first author’s younger sister, Ana Carmona Barnosi, 
and this species sister status with M. fifo sp. nov. 
(unpubl. obs). 
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ABSTRACT - The dietary preference of most crocodilians is generally thought to be fairly broad. 
However, the head morphology of slender-snouted crocodilians limits their ability to process large 
and complex prey. The slender-snouted Australian freshwater crocodile is known to be a dietary 
specialist consuming small aquatic prey, particularly aquatic arthropods and fish. Here, we report 
observations of predation events by Australian freshwater crocodiles on medium- and large-sized 
mammals in the Kimberley region of Western Australia including macropods, a large rodent and 
an echidna. We discuss the significance of our observations from an ecological and morphological 
perspective and propose that terrestrial mammalian prey may be a seasonally important prey item for 
some populations of freshwater crocodiles. 


KEYWORDS: mammal, marsupial, monotreme, predation 


INTRODUCTION 

Crocodilians are opportunistic predators that capture 
and consume a range of prey items usually associated 
with or attracted to water. Prey preference of most 
crocodilians correlates strongly with the shape of the 
skull and the associated feeding structures (Pierce et 
al. 2008). While the general dietary niches of most 
crocodilians are well understood, anecdotal and 
opportunistic observations of complex or exceptional 
prey items broadens our understanding of the dietary 
breadth of these large predators. With males reaching 
a maximum total length of ~3 m, the Australian 
freshwater crocodile ( Crocodylus johnstoni Krefft, 
1873) is the smaller species of the two Australian 
crocodiles (the other being the estuarine crocodile C. 
porosus Schneider, 1801). They inhabit permanent 
and seasonal waterbodies upstream of tidal influences 
across the northern mainland tropics of the continent 
(in Western Australia (WA), Northern Territory (NT) 
and Queensland (QLD)), with a few populations 


occupying downstream estuarine areas (Cogger 2014; 
Webb et al. 1983). Given the smaller size and the mild 
temperament, attacks by this species on humans are 
rare (Somaweera 2011). Detailed dietary studies from 
seasonal waterbodies in the NT and QLD suggest that 
this species largely consumes invertebrates (aquatic/ 
terrestrial insects, crustaceans, arachnids) as hatchlings 
and juveniles and undergoes an ontogenetic shift in 
diet at ~60 cm snout-vent length. Larger individuals 
predominantly feed on fish and other smaller and 
mostly aquatic vertebrates such as frogs (Tucker et al. 
1996; Webb et al. 1982). Occasionally they take larger 
aquatic prey including elasmobranchs (e.g Pristis pristis 
(Linnaeus, 1758)), reptiles (e.g. Acrochordus arafurae 
McDowell, 1979, Elseya latisternum (Gray, 1867), 
varanid lizards), and birds (e.g. Anhinga melanogaster 
(Pennant, 1769), Microcarbo melanoleucos (Vieillot, 
1817), Pelecanus conspicillatus Temminck, 1824)) 
(Webb et al. 1982; Cooper-Preston 1992; Tucker et al. 
1996; Morgan et al. 2016; Somaweera, pers. obs.). 
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Medium and large-bodied mammals, however, appear 
to be noticeably absent from the known prey item 
lists. This absence is likely a result of the relatively 
small size of adult crocodiles which makes it difficult 
to subdue larger terrestrial prey, and the shape of the 
skull which limits the capability of restraining and 
processing large prey. The freshwater crocodile has a 
long and narrow skull (longirostrine) which is suggested 
to be a specialisation for capturing mobile, small and 
aquatic prey (Busbey 1995). Longirostrine skulls 
generally allow for extra reach and a faster tip velocity 
which can benefit the capture of mobile prey. However, 
the structure and musculature of longirostrine skulls 
generally have reduced bite force and may be vulnerable 
to structural failure when processing large prey (i.e. 
shaking/twisting: Walmsley et al. 2013). 

In this note, we describe opportunistic observations of 
C. johnstoni feeding on medium-large sized mammalian 
prey in the Kimberley region of Western Australia. 

METHODS 

Opportunistic observations were made during ongoing 
crocodilian ecology studies and opportunistic visits 
to Geikie Gorge National Park (-18.09265, 125.71027) 
along the Fitzroy River, and at Windjana Gorge National 
Park (-17.410579, 124.97440) along the Lennard River 
in the Kimberley region of WA. Both sites are situated 
within deep gorges surrounded by limestone cliffs 
and seasonally-arid landscapes, and contain a series 
of permanent pools which provide essential refuge for 
C. johnstoni during the dry season when the rivers 
cease to flow. An estimated 261 animals inhabit a 
-700 m long pool at Windjana Gorge National Park 
with a relative density of 326.2 animals per kilometre. 
An estimated 306 freshwater crocodiles inhabit the 
6.8 km study site at Geikie Gorge National Park during 


the peak dry season at a density of 44.3 animals per 
kilometre (Department of Biodiversity, Conservation 
and Attractions unpublished data). No C. porosus have 
been recorded from either site. 

RESULTS AND DISCUSSION 

In 2014, rangers from the Department of Biodiversity 
Conservation and Attractions (DBCA) at Geikie Gorge 
National Park observed two events of live captures of 
adult agile wallabies (Macropus agilis (Gould, 1842)) by 
freshwater crocodiles at the edge of the Fitzroy River. 
Female agile wallabies reach body weights of 16 kg 
and males 26 kg (Merchant 1976). They are one of the 
largest native mammals in the area. Both crocodiles 
were reported to be over 2 m in total length and captured 
the wallabies by the head, while they were drinking, 
after which they swam to deeper water before diving 
with the carcass. 

Further evidence of predation on macropods was 
observed in October 2015 when a headless carcass of an 
adult macropod (body length 53 cm, without tail) was 
observed at a -160 m long drying pool on the Lennard 
River. Six crocodiles, each over 1.8 m in total length 
(the largest being 2.67 m) were captured from this 
pool. The absence of heads suggests that the interaction 
could have been active predation. This type of injury 
suggests that the attack most likely occurred while the 
animal was drinking and is consistent with observations 
of macropod predation by other species of crocodiles 
(Doody 2009). 

In June 2010, a subadult freshwater crocodile was 
photographed holding a headless medium-sized mammal 
in its mouth at the drying pool in Lennard River at 
Windjana Gorge National Park (Figure 1). While the 
identity of the prey item is hard to ascertain, it is likely 
to be large water rat {Hydromys chrysogaster Geoffroy, 
1804). Reaching over 35 cm in SVL and 1 kg in weight, 



FIGURE 1 Subadult freshwater crocodile from Windjana 
Gorge National Park preying on most likely 
a large water rat (Hydromys chrysogaster) 
(Photo: Chris Oglethorpe). 


FIGURE 2 Adult freshwater crocodile from Windjana 
Gorge National Park swimming holding an 
adult short-eared rock wallaby (Petrogale 
brachyotis) (Photo: Cam Candy). 
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FIGURE 3 Remote camera imagery of freshwater crocodiles taking dead agile wallabies (Macropus agilis ) from a bank at 
Geikie Gorge National Park (Photos: Ruchira Somaweera and Bruce Webber). 


water rats are among the largest rodents in Australia 
(Van Dyck and Strahan 2008). In May 2018, a~3m large 
adult crocodile was photographed swimming holding a 
what appeared to be an adult short-eared rock wallaby 
(Petrogale brachyotis (Gould, 1841)) by its head in the 
same pool (Figure 2). Based on the comparative size, the 
wallaby was estimated to be 10-15 kg in weight. 

Given the difficulty in capturing a live hunt in 
images, we placed fresh (less than 6 hrs old) road-killed 
agile wallabies ~5 m from the water’s edge in front of 
remotely-triggered cameras at Geikie Gorge National 
Park in August 2014 and October 2016 to confirm if it was 
possible for freshwater crocodiles to take and dismantle 
large prey items. The results showed four instances of 
crocodiles over 1.8 m taking the dead agile wallabies 
from the river banks (Figure 3). Carcasses were then 
dragged into the water and dismantled by sideways 
thrashing of the head, both during the day and night. 
In one instance, a male wallaby with a head and body 


length of 73 cm and weighing 19.7 kg was completely 
consumed within 24 hrs. During this period up to 
three crocodiles were observed in shallow water within 
~10 m of the carcass, presumably feeding on the remains. 
Similar takings of dead agile wallabies and northern 
nail-tail wallabies (Onychogalea unguifera (Gould, 
1841)) were commonly observed after a significant flood 
at Lake Argyle in the east Kimberley in April 2011 
(R. Somaweera, pers. obs.). While these events reflect 
scavenging behaviour rather than predation, they prove 
that C. johnstoni is capable of handling and dismantling 
large terrestrial mammalian prey. 

Evidence of anti-predator behaviour was observed 
around the pool at Windjana Gorge along the Lennard 
River. In particular, several noticeable ‘drinking holes’ 
were observed with scats and tracks of macropods 
scattered around (Figure 4). Macropods are known 
to dig ‘drinking holes’ to avoid predation risk when 
accessing and drinking from main water bodies 





106 RUCHIRA SOMAWEERA, DAVID RHIND, STEPHEN REYNOLDS, CARLA EISEMBERG, TRACY SONNEMAN AND DAVID WOODS 


occupied by crocodiles that could pose a threat (Steer 
& Doody 2009). However, previous observations are 
limited to areas occupied by the much larger C. porosus, 
which is a well-known predator of macropods (Doody 
et al. 2007). Deploying the same anti-predatory tactic 
in waters where C. porosus has never been recorded, 
suggests that macropods do recognise the predation risk 
posed by freshwater crocodiles in these habitats. 



FIGURE 4 'Drinking holes' dug out by macropods at 
Lennard River where only Crocodylusjohnstoni 
is found (Photo: Ruchira Somaweera). 



FIGURE 5 A freshwater crocodile with an adult echidna 
(Tachyglossus aculeata) in its mouth at 
Windjana Gorge National Park (Photo: Use 
Pickerd). 


A complex prey item was recorded in July 2014, 
when an adult crocodile (estimated at —1.8—2 m in total 
length) at Windjana Gorge was observed holding an 
adult echidna {Tachyglossus aculeatus (Shaw, 1792)) in 
its mouth (Figure 5). The capture of the prey was not 
observed, neither was its consumption. An echidna, 
if consumed may present a considerable risk to the 
crocodile due to the defensive spines over its body. 
However, other instances of reptiles preying on echidnas 
are on record (Augee et al. 2006, Kirschner et al. 1996), 
as well as several other species of crocodilians preying 
on similar spiny prey such as porcupines (e.g. Platt et al. 
2016, Samarasinghe and Alwis 2017). 

The observations herein of freshwater crocodiles 
preying on medium and large-bodied mammalian prey 
provides a new perspective on the dietary ecology of 
this large predator. The ecological implications of such 
opportunistic feeding of mammalian prey by freshwater 
crocodiles could be significant in small isolated water 
bodies. During the drier months, large numbers of 
crocodiles congregate in remaining drying pools which 
also provide a vital source of water for many other 
animals including medium and large mammal species 
thus placing them at an increased risk of predation. 
During these periods of reduced food availability, 
crocodiles that could hunt the limited larger prey 
would have increased survival probabilities, but in the 
process also provide feeding opportunities to smaller 
animals (by generating scrap). The biomechanical 
implications of feeding on larger mammals with a 
longirostrine skull needs further investigation. Data 
from other longirostrine crocodilians would provide a 
useful insight into dietary preference of similar species. 
While it is highly unlikely that the skull morphology of 
crocodiles in these populations have adapted to allow for 
feeding on medium and large mammals, it provides new 
insight into the biomechanical constraints and limits of 
longirostrine skulls in crocodilians. Our observations 
further highlight the importance of opportunistic 
observations in fully understanding the ecology of 
cryptic predators. 
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ABSTRACT - Until recently rivers of the Pilbara region of north Western Australia were considered 
to be free of introduced fish species. However, a survey of aquatic fauna of the Fortescue River 
conducted in March 2017 resulted in the capture of 19 Poecilia latipinna (Sailfin Molly) throughout 
a 25 km section of the upper catchment. This represented the first record of an alien fish species 
in the Pilbara region and the most northern record in Western Australia. Based on the size of the 
individuals captured, the distribution over which they were recorded and the fact that the largest 
female was mature, P latipinna appeared to be breeding. While P latipinna was unlikely to physically 
threaten native fish species in the upper reaches of the Fortescue River, potential spatial and dietary 
competition may exist if it reaches downstream waters where native fish diversity is higher and 
dietary overlap is likely. As P latipinna has the potential to affect macroinvertebrate communities, 
some risk may also exist to the macroinvertebrate community of the Fortescue Marsh, which is 
located immediately downstream, and which is valued for its numerous short range endemic aquatic 
invertebrates. The current finding indicated that despite the relative isolation of the river and presence 
of a low human population, this remoteness does not mean the river is safe from the potential impact 
of species introductions. Indeed, the presence of P latipinna in this system highlights the potential for 
future introductions in other remote rivers of northern Australia where transient human populations, or 
those which fluctuate greatly with economic circumstance, are present. 


KEYWORDS: mining, environmental impact, freshwater, introduced species, invasive fish, Poecilia 
latipinna, Sailfin Molly, Australia. 


INTRODUCTION 

From an aquatic resource perspective, the Pilbara 
region of north Western Australia is considered to 
include that area encompassing the catchments of 
the Ashburton, Robe, Fortescue and De Grey Rivers 
(McFarlane and Hodgson 2015) (Figure 1). This area 
has also been referred to as the Northern Pilbara Sub¬ 
province by Morgan and Gill (2004), who based their 
definition on the fact that a distinct suite of fish existed 
in the rivers of the region. Twelve species of freshwater 
fish have been recorded from the Pilbara, which includes 
Leiopothempon aheneus and an undescribed plotosid 
which are endemic to the region (Morgan and Gill 2004, 
Morgan et al. 2014a). 

The Fortescue River (Figure 1) is an ephemeral 
river which arises in the Ophthalmia Range (near 
the town of Newman) and is the longest waterway 
in the Pilbara extending for 760 km (Department of 
Environment and Conservation 2009). For a number 
of years the aquatic fauna occurring in the middle and 
upper reaches of the Fortescue River have received 
particular attention due to the close proximity of 
several large iron ore mining operations. In addition, 


the presence of the Fortescue Marsh, which is listed 
as a ‘Priority 1 Ecological Community’ (PEC) by 
the Western Australian Government Department of 
Biodiversity, Conservation and Attractions and on the 
‘Directory of Important Wetlands in Australia’ as a 
wetland of national significance (Australian Government 
Department of the Environment and Energy 2017b), has 
required additional management by mining companies 
operating in close proximity to negate potential impacts 
associated with water extraction and modification of 
surface water flows in the river. 

In July 2016 and March 2017, a survey of aquatic 
fauna was undertaken over a ~75 km section of the 
Fortescue River which included sample sites located 
both above and below Ophthalmia Dam (Figure 1). 
Published accounts of the riverine fish fauna of the 
Pilbara have been provided by Allen et al. (2002), 
Morgan and Gill (2004), Morgan et al. (2014a) and 
Morgan et al. (2014b). In addition, numerous technical 
reports (see for example Wetland Research and 
Management 2009, 2015a, 2015b, Taukulis 2016) have 
reported on the fish fauna present in and around the area 
surveyed during the current study, including Ophthalmia 



POECILIA LATIPINNA IN THE PILBARA 


109 



FIGURE 1 The Pilbara region of Western Australia and sites 

indicates Poecilia latipinna capture locations. 

Dam. Until the current survey, those studies have only 
accounted for three species of fish being present in the 
study area; Leiopotherapon unicolor (Spangled Perch), 
Melanotaenia australis (Western Rainbowfish) and 
Neosilurus hyrtlii (Hyrtl’s Tandan). More importantly 
none of these authors have reported the presence of any 
introduced fish species in the Fortescue River or any 
other river of the Pilbara region. 

Tedesco et al. (2013) predicted that freshwater fish 
extinction rates within river basins of the Pilbara 
will be amongst the highest on the planet due to 
water availability shrinkage associated with climate 
change. Furthermore, Morgan et al. (2014b) discussed 
that dewatering of habitats during mining and water 
abstraction are likely to result in impacts to fish and fish 
habitat in the region. Our paper discusses an additional 
threatening process, the introduction of alien species, 
and the potential ecological impact they may have on 
other fish species occurring in the Fortescue River. We 
discuss the introduction of an ornamental species, how 
it may have occurred, and highlight the potential for 
future introductions in other remote rivers of northern 
Australia where transient human populations, or those 
which fluctuate greatly with economic circumstance, 
are present. 


surveyed for fish in the Fortescue River. Grey shading in the inset 


METHODS 

Sampling for fish was undertaken at three sites during 
July 2016 and nine sites in March 2017 (Figure 1). A 
range of sampling methods were utilised including fyke 
nets (set overnight with one facing upstream and one 
downstream), seine netting and electrofishing. Sampling 
was conducted at two sites in the Fortescue River main 
channel and one site in the tributary, Jimblebar Creek, in 
July 2016. Six sites were surveyed in the main channel 
of the Fortescue River in March 2017 with five of these 
located downstream of Ophthalmia Dam. An additional 
site upstream of Ophthalmia Dam was also surveyed 
on Warrawanda Creek in March 2017, as well as two 
sites on Jimblebar Creek. Native fish were identified 
to species and a total length measurement taken prior 
to their live release. Introduced fish were euthanised 
in accordance with survey conditions outlined by 
the Western Australian Government Department of 
Fisheries and several individuals were retained for 
lodgement with the Western Australian Museum. 

During the July survey period, the Fortescue River 
was found to be flowing due to water being released 
from Ophthalmia Dam. As such, sampling occurred as 
far downstream as the Jigalong Road crossing which 
is located ~64 km downstream of the Ophthalmia 
Dam levee wall. The Fortescue River was also found 
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to be flowing during March 2017 due to recent heavy 
rainfall. Water was subsequently being released from 
Ophthalmia Dam in order to manage high water levels. 
The tributaries, Jimblebar and Warrawanda Creek, were 
also found to be flowing. The river bed was dry at the 
Jigalong Road crossing in March 2017 despite these 
recent rains. Sampling was subsequently conducted as 
far as ~32 km downstream from the Ophthalmia Dam 
levee wall at that time. Inspection of another site ~49 km 
downstream of the Ophthalmia Dam levee wall was also 
found to be dry. 

RESULTS 

No Poecilia latipinna were captured during the July 
2016 sampling event. In contrast, 19 P. latipinna were 
captured at four sites surveyed during March 2017 
over a ~25 km section of river located downstream of 
Ophthalmia Dam (Figures 1-2). Twelve individuals 
were captured in fyke nets and all were found to be 
moving in a downstream direction. Seven P. latipinna 
were captured whilst electrofishing. Four individual 
P. latipinna were submitted to the Western Australian 
Museum (WAM P.34821-001). 


The conductivity of water in which Poecilia latipinna 
was captured ranged from 0.007 to 0.235 mS/cm whilst 
salinity ranged from 0.0 to 0.1 ppt. Dissolved oxygen 
ranged from 4.39 to 6.62 mg/L, water temperature 
from 28.2 to 32.4°C and pH from 7.39 to 8.90. Three 
individuals were male based on the presence of a 
gonopodium and ranged in total length (TL) from 51 to 
56 mm. Fifteen were female and ranged in length from 40 
to 61 mm TL (Figure 3). Eggs were released when pressure 
was applied to the largest female and inspection of the 
gonad revealed enlarged ovaries indicating maturity. 

DISCUSSION 

During the current study, the alien Poecilia latipinna 
(Sailfin Molly) was captured from the Fortescue River. 
This represents the first record of an introduced fish 
species from a river in the Pilbara region, and at the 
time of writing was the most northern catchment from 
which an alien fish species had been recorded in Western 
Australia (Morgan et al. 2014a, 2014b). 

Despite the popularity of Poecilia latipinna as an 
ornamental aquarium species in Australia, few records 
of the species release or presence in Australian rivers 



FIGURE 2 Poecilia latipinna captured from the Fortescue River, Western Australia, in March 2017. 
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FIGURE 3 Length-frequency histogram of Poecilia 
latipinna captured from the Fortescue River, 
Western Australia, in March 2017. 

appear to exist. The reviews of Lintermans (2004) 
and Corfield et al. (2008) cited P. latipinna as being 
present at several sites in Queensland and in waters 
near Darwin in the Northern Territory, though not 
in Western Australia. The Atlas of Living Australia 
(2018) also indicated specimens are held in the South 
Australian Museum Ichthyology Collection, with 
no location data for the collection site provided. 
Furthermore, there are no records of P. latipinna 
occurring in the Pilbara, or any other Western 
Australian river, on the PestWatch database maintained 
by the Department of Primary Industries and Regional 
Development (2017). 

While the exact timing of the introduction of 
Poecilia latipinna in the Fortescue River is unknown, 
it was considered likely to have occurred in the months 
prior to the March 2017 sampling event. This was due 
to the fact that no P. latipinna were captured during 
the July 2016 sampling event or during other recent 
surveys in the area including that of Ophthalmia Dam 
(Taukulis 2016). This species has been considered to 
be a poor swimmer that prefers slow flowing waters 
(see Corfield et al. 2008). In light of this, and the 
fact that all individuals captured by fyke net were 
seen to be moving in a downstream direction, the 
distribution of P. latipinna from the release point was 
likely to have occurred in a downstream direction. 
Despite the species poor swimming ability, the fact 
that P. latipinna was found to have spread throughout 
25 kilometres of the river in a short period of time 
(i.e. several months), suggests that colonisation of 
the Fortescue River by this species may be rapid 
particularly if flow is present. 

It is unclear at this point whether Poecilia latipinna 
is likely to establish a permanent population in the 
upper Fortescue River. However, the species is likely 
to persist as it is known to have a broad salinity 
tolerance (tolerating freshwater up to hypersaline 80 
ppt, Nordlie et al. 1992) and its invasiveness was rated 


by Arthington et al. (1999) as being very high. Growth 
and maturation rates of P. latipinna are known to be 
highly variable though water temperature and salinity 
are known to be key components. For example, the 
study by Trexler et al. (1990) reported that female 
P. latipinna grew over 250% faster in waters of 29°C 
than in waters of 23°C. Water temperatures at the time 
of the survey ranged from 28.2 to 32.4°C which would 
appear favourable for growth. Trexler et al. (1990) also 
found male P. latipinna grew thirty percent faster at 
20 ppt salinity than at 2 ppt whilst females grew fifty 
percent faster at 20 ppt than at 2 ppt. Furthermore, 
higher salinities are generally maintained in captive 
breeding programs of P. latipinna with a salinity of 
25 ppt yielding both faster growth rates and the most 
fry per clutch (Kumaraguru Vasagam et al. 2005). 
Considering water in the upper Fortescue River at the 
time of the current study was essentially fresh, this 
may be less favourable for growth. Despite variation 
in environmental conditions, elsewhere in the world 
P. latipinna has been found to be reproductively active 
throughout the year (Al-Akel et al. 2010) with multiple 
spawning events occurring (Corfield et al. 2008) and 
females producing up to 100 fry every 8-10 weeks 
(Yamamoto and Tagawa 2000). In relation to size 
at maturity, a study from Saudi Arabia found males 
were mature at 51 mm TL while female maturity was 
attained at 48 mm TL (Al-Akel et al. 2010). However, 
Trexler et al. (1990) found P. latipinna to mature when 
smaller, with females maturing at a standard length 
of approximately 28 mm and males at approximately 
25 mm in freshwater environments. Although the 
salinity in the upper Fortescue River was found to be 
well below optimal growth and breeding salinities 
during the current survey, based on the range in total 
fish lengths recorded, the geographical distance over 
which individuals were captured, and the presence 
of a mature egg-bearing female, it was considered 
likely that P. latipinna had bred in the Fortescue River 
and that captured individuals were not the result of a 
single release. 

Elsewhere in the world Poecilia latipinna has been 
known to have contributed to the decline of fish species 
and affected macroinvertebrate communities (Corfield 
et al. 2008). However, it is unclear whether this would 
occur in the upper reaches of the Fortescue River. 
Dietary studies by Alkahem et al. (2007) and the report 
by Corfield et al. (2008) indicated P. latipinna to be 
herbivorous and consuming mainly algae. Therefore, 
little dietary competition is likely to exist with the 
native fish species present based on the fact that, in 
addition to algae, Leiopotherapon unicolor consumes a 
large proportion of aquatic invertebrates and fish, and 
Melanotaenia australis consumes a large proportion 
of aquatic invertebrates (Bishop et al. 2001, Thorburn 
et al. 2014). Furthermore, in a dietary study conducted 
in a Kimberley river, Neosilurus hyrtlii was found to 
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consume mainly ostracods (Thorburn et al. 2014) while 
Allen et al. (2002) describe a diet of insects, molluscs, 
crustaceans and worms. Corfield et al. (2008) also 
indicated that P. latipinna was not aggressive in contrast 
to L. unicolor (Kennard 1995, Government of Western 
Australia Department of Fisheries 2012). Therefore, it 
is unlikely that P. latipinna would compete spatially 
with L. unicolor. The abundance and wide distribution 
of L. unicolor, M. australis and N. hyrtlii (Allen et al. 
2002) also means that P. latipinna is unlikely to threaten 
broader populations of these species in the region. 

Despite the fact P. latipinna is unlikely to out compete 
native fish species of the upper Fortescue River in terms 
of prey and space, its presence represents a reduction in 
the ‘natural value’ of the river. It is also unclear what 
broader ecological implications P. latipinna will have 
should the species be able to spread to downstream 
sections of the river. Native fish diversity is greatly 
increased in the lower reaches of the river (Morgan 
and Gill 2004) and as such an increased likelihood 
of dietary and spatial competition with native species 
exists. Immediately downstream of the survey area 
is the Fortescue Marsh which is afforded protection 
under both Western Australian State and Australian 
Federal legislation. While the Fortescue Marsh is 
highly ephemeral inundating every five to seven years 
(Department of Environment and Conservation 2009), 
connection with the lower Fortescue River can occur 
during extreme rainfall events (Fortescue Metals Group 
2006). While the ephemeral nature of the Fortescue 
Marsh may provide some hindrance to the downstream 
colonisation of P. latipinna , with successive flows it is 
possible that it may reach the marsh and subsequently 
the lower Fortescue River should a significant rainfall 
event occur, such as that associated with a cyclone. 
Based on the observed effect of P. latipinna on 
macroinvertebrate communities elsewhere in the world 
(Corfield et al. 2008), some risk may also exist to the 
macroinvertebrate community of the Fortescue Marsh 
which is valued for containing numerous short range 
endemic aquatic invertebrate species (Environmental 
Protection Authority 2013, Robertson 2014). In addition, 
the introduction of aquarium species of fish may provide 
a vector for the introduction of foreign diseases or 
parasites into Australian rivers and the native fish fauna 
present (Hassan et al. 2008, Lymbery et al. 2010). 

The sites at which P. latipinna were captured during 
the current study were downstream of Ophthalmia 
Dam, a popular recreational site for people residing 
in the town of Newman located 16 km away. This 
area is well known for its extensive iron ore reserves 
with the township of Newman being established by 
the Mount Newman Mining Company in 1966 as a 
company town. Iron ore is the largest export commodity 
in Australia and 95% of this production occurs in the 
Pilbara (Regional Development Australia 2014). In 


recent years, the price of iron ore has rapidly declined 
(Port Jackson Partners 2015) with a price fall of over 
40% occurring in 2015 alone (Government of Western 
Australia Department of State Development 2016). This 
decline or ‘downturn’ in the mining sector had major 
implications for the Pilbara with the region’s labour 
market significantly declining. In particular, over 23,000 
jobs have been lost from the Pilbara in recent years, 
representing a 27% decline in the regional workforce 
(Western Australian Local Government Association 
2017). While much of the mining workforce in the 
Pilbara operates on a ‘fly in, fly out’ basis, regional 
towns located close to iron ore mining operations also 
reported a significant population decline. This included 
Newman, with more than 400 people leaving the town 
between June 2014 and 2015 (i.e. ~7% of the population, 
Australian Bureau of Statistics 2017). The decline in 
economic growth and thus population in Pilbara towns 
has continued since 2015 and is expected to continue in 
the short term (Western Australian Local Government 
Association 2017). 

Poecilia latipinna cannot be purchased in Newman 
and the presence of the species in the river is thought 
to be due to the release of individuals previously kept 
in a private aquarium. Based on the continued decline 
in population in Newman due to a lack of employment, 
and difficulty in moving aquarium fish, it is possible 
that the release of P. latipinna is an indirect result of the 
mining sector downturn whereby the release was by an 
individual leaving the town. 

Despite the relative isolation of rivers in the Pilbara 
region and the low human population, the current 
study indicated that the remoteness of a river does not 
mean it is safe from the potential impact of species 
introductions. The presence of P. latipinna in the 
Fortescue River highlights the potential for future 
introductions in rivers of the Pilbara region and other 
remote areas where transient human populations occur. 
While the ecological implications of the ornamental 
P. latipinna in the Fortescue River are not currently 
understood, it is important for resource managers 
to recognise the current risk to northern Western 
Australian rivers and other rivers throughout regional 
Australia, which to date largely remain free of feral 
fish species (Pusey et al. 2017). As well as an education 
campaign highlighting the risk of introducing fish to 
remote rivers, management actions could include a 
registry of ornamental fish suppliers in northern regions 
of Western Australia to provide an indication of the 
location, species and numbers of ornamental fish being 
traded. Furthermore, an action plan aimed at responding 
to new introductions and potentially eradicating 
introduced species during the early phase of colonisation 
in remote rivers is considered important for maintaining 
native biodiversity and the ‘natural value’ of these 
remote river systems. 
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ABSTRACT - A new genus and species of chernetid pseudoscorpions, Balgachernes occultus, 
is described from south-western Western Australia. It appears to have the greatest similarity to 
Austrochernes, but differs by the widely spaced (diastemodentate) chelal teeth, the slightly gaping 
chelal fingers and the position of trichobothrium est which is situated closer to esb than to et. All 
specimens have been collected from balga, Xanthorrhoea preissii, a species of grass tree. The genus 
Austrochernes Beier, 1932 is redescribed based on the male syntypes of the only known species, 
A. australiensis (With, 1905), which clearly shows that Austrochernes is a new senior synonym of 
Troglochernes Beier, 1967. The following species are newly transferred to Austrochernes: T cruciatus 
Volschenk, 2007, Sundochernes dewae Beier, 1967, S. guanophilus Beier, 1967, T. imitans Beier, 1969, 
S. novaeguineae Beier, 1965, and T. omorgus Harvey and Volschenk, 2007. 


KEYWORDS: taxonomy, morphology, grass trees, Arachnida 
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INTRODUCTION 

The Chernetidae is by far the most diverse 
pseudoscorpion family in the world at the generic level, 
with 117 genera currently recognised (Harvey 2013), 
which constitutes a quarter of the generic diversity of the 
entire order. However, the higher classification is poorly 
resolved, with two subfamilies, Lamprochernetinae 
and Goniochernetinae, that can be defined with 
synapomorphies: the presence of T-shaped spermathecae 
in the female genitalia of Lamprochernetinae, and 
an angulate posterior margin of the carapace of 
Goniochernetinae (Harvey 1995). The third subfamily, 
Chernetinae, appears to represent a paraphyletic 
assemblage of genera that cannot be placed in either of 
the other subfamilies (Harvey 1995). Chernetids occupy 
a wide variety of terrestrial habitats including leaf litter, 
soil, humus, caves, and under the bark of trees and logs. 
Some species have close associations with other animals, 


as commensals in the nests and pelage of mammals (e.g. 
Beier 1948a; Durden 1991; Finlayson et al. 2015; Harvey 
et al. 2012; Muchmore 1971), in the nests and feathers of 
birds (Turienzo et al. 2010), or on arthropods (e.g. Beier 
1948a; Muchmore 1971). Others have close associations 
with certain habitats with notable examples including 
Dendrochernes cyrneus (L. Koch, 1873) with old trees, 
particularly oaks, in Europe (e.g. Esser 2011; Jones 
1980), Anthrenochernes stellae Lohmander, 1939 from 
decaying wood in old hollow trees in northern Europe 
(Gardenfors and Wilander 1995; Holmen and Scharff 
2008), Dinocheirus arizonensis (Banks, 1901) with cacti 
and succulents in arid North America (Banks 1901; 
Pfeiler et al. 2009), Chelodamus spp. with bromeliads in 
Central America (Mahnert 1994; Muchmore 1984) and 
Attaleachernes thaleri Mahnert, 2009 with palm trees in 
Brazil (Mahnert 2009). 

The present study reports on a new genus of 
Chernetidae that has been collected in south-western 
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Australia exclusively from the tightly packed leaf-bases 
of the balga, Xanthorrhoea preissii Endl. The genus 
Xanthorrhoea is endemic to Australia and is the only 
member of the monocot family Xanthorrhoeaceae. 
Xanthorrhoea preissii (Figure 1) is restricted to 
south-western Australia where it is widespread (see 
https://florabase.dpaw.wa.gov.au/browse/profile/1256; 
accessed 25 February 2018). The trunks are up to 
3 m high, with a total height including the foliage of 
5 m. The leaves are extremely thin and form tight 
clusters which grow directly from the trunk (Figure 
2). Balga harbour a variety of invertebrate animals 
that shelter, feed and breed within the living and 
dead leaves. A recent study examining the fauna 
associated with balga near Perth, Western Australia 
found that some invertebrates survived fire events by 
using the grass tree (balga) crown as a refugium that 
experiences lower temperatures during fire than other 
parts of the plant (Brennan et al. 2011). Among the 
fauna were three pseudoscorpion species, a species 
of Chernetidae, a species of Protochelifer Beier, 1948 
(family Cheliferidae), and a species of Protogarypinus 
Beier, 1954 (family Garypinidae). While the cheliferid 
and garypinid were represented by single specimens, 
the chernetid was frequently collected. The chernetid, 
which is the subject of this study, was found to resemble 
the Australian genera Austrochernes Beier, 1932 and 
Troglochernes Beier, 1969, but differs in some important 
morphological features suggesting that it belongs to a 
new genus. 

In conjunction with the description of the chernetid 
species collected from balga, a study was made of the 
type species of Austrochernes, A. australiensis (With, 
1905), which was described from two adult males from 
eastern Australia (With 1905). Although species of the 
genus were originally reported to possess a tactile seta 
on tarsi III and IV (Beier 1932, 1933), this is not true of 
the type species, A. australiensis (Beier 1966a, b; With 
1905). The lack of a tactile seta is confirmed in the type 
series, and all of the other major taxonomic features 
conform to the genus Troglochernes, which is here 
regarded as its junior synonym. 

MATERIAL AND METHODS 

The material examined of the new species is 
lodged in the Western Australian Museum, Perth 
(WAM), and the type material of Austrochernes 
australiensis is lodged in the Natural History Museum, 
Fondon (BMNH). The specimens were studied using 
temporary slide mounts prepared by immersion of the 
specimen in lactic acid at room temperature for several 
hours to days, and mounting them on microscope slides 
with 10 mm coverslips supported by small sections 
of 0.25, 0.35 or 0.5 mm diameter nylon fishing line. 
After study the specimens were rinsed in water and 
returned to 75% ethanol with the dissected portions 



FIGURES 1-2 A balga (Xanthorrhoea preissii) at Brookton 
Highway, Western Australia: 1, entire plant 
with a single inflorescence; 2, crown showing 
tightly packed leaf-bases. 
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placed in 12 x 3 mm glass genitalia microvials 
(BioQuip Products, Inc.). Specimens were examined 
with a Leica MZ-16A (Wetzlar, Germany) dissecting 
microscope, and an Olympus BH-2 (Shinjuku, Tokyo) 
compound microscope, and illustrated with the aid of 
a drawing tube attached to the compound microscope. 
Measurements were taken at the highest possible 
magnification using an ocular graticule. A female 
specimen of the new species was critical point dried, 
gold coated and imaged using a Hitachi TM3030 Plus 
scanning electron microscope. 

Terminology and mensuration mostly follow 
Chamberlin (1931), with the exception of modifications 
to the nomenclature of the pedipalps and legs, the 
terminology of the trichobothria (Harvey 1992b), 
chelicera (Judson 2007) and faces of the appendages 
(Harvey et al. 2012). The following abbreviations are 
used: chelal trichobothria: fixed finger, eb, externo-basal 
trichobothrium; esb, externo-subbasal trichobothrium; 
est, externo-subterminal trichobothrium; et, 
externo-terminal trichobothrium; ib, interno-basal 
trichobothrium; isb, interno-subbasal trichobothrium; 
ist, interno-subterminal trichobothrium; it, interno¬ 
terminal trichobothrium; movable finger, b, basal 
trichobothrium; sb, subbasal trichobothrium; st, 
subterminal trichobothrium; t, terminal trichobothrium; 
cheliceral setae: ebs, externobasal seta; es, external seta; 
gs, galeal seta; is, interior seta; Is, laminal seta; sbs, 
subbasal seta. 

SYSTEMATICS 

Family Chernetidae Menge, 1855 
Subfamily Chernetinae Menge, 1855 
Genus Balgachernes gen. nov. 

urn:lsid:zoobank.org:act:50C02F7D-DF13-4130-9F21- 

47BB1C895833 

TYPE SPECIES 

Balgachernes occultus sp. nov. 

DIAGNOSIS 

Balgachernes differs from all other chernetid 
genera by the following combination of characters: 
trichobothrium est much closer to esb than to et, isb 
much closer to ist than it (Figure 14); 1 pair of short 
spermathecae (Figure 22); patellae and tibiae III and 
IV without pseudotactile setae (Figure 19); tarsi III 
and IV without tactile seta (Figure 19); cheliceral 
rallum composed of 4 blades (Figure 10); chelal fingers 
slightly gaping (Figures 14-15), and with slightly 
diastemodentate teeth (Figure 15). Detailed comparisons 
with similar genera can be found below. 


DESCRIPTION 

Adults 

Chelicera (Figure 9): hand with 5 or 6 setae, setae es. 
Is and is acuminate, bs’, bs” and sbs dentate; movable 
finger with 1 subdistal seta; galea present, with several 
distal rami; lamina exterior present; serrula exterior 
connected to chelicera finger for most of length; serrula 
interior modified to form velum; rallum comprised of 4 
blades, 2 anterior blades with spinules on leading face, 
others without spinules (Figure 10). 

Pedipalp (Figure 13): fixed chelal finger with 8 
trichobothria, movable chelal finger with 4 trichobothria 
(Figure 14): eb and esb situated basally; est situated 
closer to esb than to et, ib and ist subbasally; it situated 
midway between et and est, isb situated closer to ib 
and ist than to it; b and sb situated basally; st situated 
slightly closer to sb than t; t midway between st and tip of 
finger. Chelal teeth (Figure 15) mostly diastemodentate, 
but basal teeth tending to be juxtadentate, most teeth 
triangular with pointed tips; only 1 accessory tooth, on 
retrolateral margin of fixed finger; fingers slightly curved, 
forming a distinct gap (Figures 14-15); venom apparatus 
only present in movable chelal finger; venom duct long, 
terminating midway between t and st; nodus ramosus 
slightly inflated (Figure 15). 

Cephalothorax : carapace (Figure 8 ) with 2 distinct 
furrows, posterior furrow much closer to posterior 
margin of carapace than to anterior furrow; with 1 
pair of small, very faint eye-spots; posterior margin 
straight. Manducatory process somewhat pointed, with 
2 or 3 apical setae and 1 sub-oral seta; median maxillary 
lyrifissure situated medially. 

Legs : junction between femora and patellae I and II 
strongly oblique (Figure 18); tarsi III and IV without 
tactile seta (Figure 19); tarsi with single raised slit 
sensillum; subterminal tarsal seta arcuate and acute; 
arolium slightly shorter than claws. 

Abdomen (Figures 3-6): tergites I-X with median 
suture line; sternites IV-X with medial suture line; 
spiracular plates each with 1 seta; $ sternite II with 
setae arranged in inverted-U over median third, sternite 
III with setae widely scattered (Figure 20); $ sternite 
II with setae arranged in inverted-U, sternite III with 
setae arranged on posterior edge (Figure 21); pleural 
membrane irregularly longitudinally striate, without 
setae. 

Genitalia : male of typical chernetid morphology; 
female with 2 lateral cribriform plates, and a single 
pair of short, thick spermathecae, each slightly bulbous 
(Figure 22). 

Tritonymphs 

Chelicera : hand with 5 setae, setae es, Is and is 
acuminate, bs and sbs dentate; movable finger with 1 
subdistal seta; galea present, with several distal rami. 

Pedipalp'. fixed chelal finger with 7 trichobothria, 
movable chelal finger with 3 trichobothria (Figure 16): 
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eb and esb situated subbasally; est situated closer to 
esb than to et; ib and ist subbasally; it situated midway 
between et and est; st situated midway between / and 
b. Chelal teeth mostly diastemodentate; 1 accessory 
tooth, on retrolateral margin of fixed finger; fingers 
slightly curved, forming a distinct gap; venom duct 
terminating near t. 

Cephalothorax : carapace with 2 furrows, anterior 
furrow shallow, posterior furrow closer to posterior 
margin of carapace than anterior furrow; with 1 pair of 
faint eye-spots. 

Legs : much as in adults. 

Abdomen : tergites I-X and sternites II-X with median 
suture line. 

Deutonymphs 

Chelicera : hand with 5 setae, setae es, Is and is 
acuminate, bs and sbs dentate; movable finger with 1 
subdistal seta; galea present, with 3 distal rami. 

Pedipalp: fixed chelal finger with 6 trichobothria, 
movable chelal finger with 2 trichobothria (Figure 17): 
eb situated subbasally; est situated closer to esb than 
to et; ib and ist subbasally; it closer to est than to est; t 
situated slightly closer to b than to tip of finger. Chelal 
teeth slightly diastemodentate; without accessory teeth; 
fingers slightly curved, forming a distinct gap; venom 
duct terminating near t. 

Cephalothorax : carapace with 2 shallow furrows, 
posterior furrow closer to posterior margin of carapace 
than anterior furrow; with 1 pair of faint eye-spots. 

Legs : much as in adults. 

Abdomen : tergites I-X and sternites II-X with median 
suture line. 

REMARKS 

Balgachernes most closely resembles those genera 
that have four blades in the cheliceral rallum and 
lack a tactile seta on legs III and IV. Although the 
number of rallar blades has been used as a primary 
character to define the tribes Chernetini (2-3 blades) 
and Hesperochernetini (4 blades) within the subfamily 
Chernetinae (Beier 1932), this arrangement was 
abandoned by Muchmore (1972) when he found that 
species of Chernes Menge, 1855 most frequently have 
four rallar blades, just like species of Hesperochernes 
Chamberlin, 1924. Muchmore (1972) also noted that 
accurately counting the number of rallar blades is 
not always possible, especially if the chelicera is not 
dissected from the body. A further complication is the 
lack of any mention of the rallum in the description 
of some genera, including Acanthicochernes Beier, 
1964 from the Solomon Islands, Hebridochernes 
Beier, 1940 from the West Pacific and Phaulochernes 
Beier, 1976 from New Zealand (Beier 1940, 1964b, 
1976). Nevertheless, comparing Balgachernes with 
those genera that are known to possess four blades 
in the cheliceral rallum and lack a tactile seta on legs 


III and IV, however imprecise, is the best solution. 
These include Chernes from the Holarctic region; 
Atherochernes Beier, 1954, Cocinachernes Hentschel 
and Muchmore, 1989, Gigantochernes Beier, 1932, 
Hesperochernes, Illinichernes Hoff, 1949, Maxchernes 
Feio, 1960, Mirochernes Beier, 1930, Neochelanops 
Beier, 1964 and Semeiochernes Beier, 1932 from the 
American region; Ceriochernes Beier, 1937 from Asia 
and South America; Eumecochernes Beier, 1932 from 
Hawaii; Nesochernes Beier, 1932 from New Zealand; 
and Austrochernes Beier, 1932, Marachernes Harvey, 
1992, Paraustrochernes Beier, 1966, Satrapanus Harvey 
and Volschenk, 2007 and Troglochernes Beier, 1969 
from Australia. Other chernetid genera may eventually 
be found to have this combination of characters, but 
their descriptions currently lack sufficient detail of one 
or both of these features. 

Balgachernes differs from most of these genera in 
the placement of trichobothrium est which is much 
closer to esb than to et in Balgachernes (Figure 14), 
but approximately midway between them, or only 
slightly closer to esb, in Atherochernes (Beier 1954), 
Ceriochernes (Beier 1937), Cocinachernes (Hentschel 
and Muchmore 1989), Gigantochernes (Beier 1932; 
Vitali-di Castri 1972), Hesperochernes (e.g. Chamberlin 
1924; Harvey and Wynne 2014; Muchmore 1974), 
Illinichernes (Benedict and Malcolm 1982; Hoff 1949), 
Marachernes bellus Harvey, 1992 (but not M. perup 
Harvey, 1992 or M. simulans Harvey, 1992) (Harvey 
1992a), Maxchernes birabeni Feio, 1960 and M. 
plaumanni Beier, 1974 (but not M. iporangae Mahnert 
and Andrade, 1998) (Beier 1974; Feio 1960; Mahnert and 
Andrade 1998), Mirochernes (Hoff 1949), Neochelanops 
(Beier 1964a; Mahnert 1984), Nesochernes (Beier 1932), 
Paraustrochernes (Beier 1966a), Satrapanus (Harvey 
and Volschenk 2007), Semeiochernes (Beier 1932) and 
Troglochernes (Harvey and Volschenk 2007), or est 
closer to et than to esb in Eumecochernes (Beier 1932). 
It differs from Marachernes by the lack of a dentate 
prolateral mound on the male movable chelal finger 
(Harvey 1992a), and from Maxchernes by having isb 
situated closer to ist than to it, whereas isb is closer to 
it in Maxchernes (Beier 1974; Feio 1960; Mahnert and 
Andrade 1998). It differs from Austrochernes by the 
small, barely denticulate vestitural setae of the tergites, 
which are large and distinctly clavate in Austrochernes, 
and by the presence of denticles on the anterior face 
of all four rallar blades in Austrochernes (With 1905, 
plate VI, figure 2b), but only on the first two blades in 
Balgachernes (Figure 10). The most distinctive features, 
however, are the diastemeodentate chelal teeth and the 
gaping chelal fingers (Figures 14, 15). 

ETYMOLOGY 

The genus name refers to the common name ‘balga’ 
for Xanthorrhoea preissii, which is combined with the 
genus name Chernes (labourer, Greek). It is masculine 
in gender. 
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Balgachernes occultus sp. nov. 

urn:lsid:zoobank.org:act:06F81A74-595E-4978-87DD- 

D4B312B7B0CC 

Figures 3-28 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: ?, Ashendon Road, 
east of Pickering Brook, 32°02’13"S, 116°1F35"E, 7 June 
2001, ex Xanthorrhoea preissii, K.E.C. Brennan, M.L. 
Moir, R. Wittkuhn (WAM T143755). 

Paratypes 

Australia: Western Australia: 9 $, 9 ?, 6 
tritonymphs, same data as holotype (WAM T143732- 
T143754, 143756); 4 & 3 $, Ashendon Road, 5.7 km 
E. of Pickering Brook, 32°02'11"S, 116 0 11'36 H E, 18 
March 2018, in crown of X preissii, C. Romero, M.S. 
Harvey (WAM T145155-T145161); 1 & same data except 
Ashendon Road, 6.3 km ESE. of Pickering Brook, 
except 32°02'55"S, 116°ir47"E (WAM T145162); 1 ?, 
1 deutonymph, same data except Ashendon Road, 6.55 
km ESE. of Pickering Brook, 32°03'30"S, 116°H'44"E 
(WAM T145163-145164); 2 ?, same data except 
Ashendon Road, 7.7 km ESE. of Pickering Brook, 
32°04'16"S, 116°12'07"E (WAM T145165-145166); 2 & 
same data except Ashendon Road, 8.1 km E. of Canning 
Mills, 32°05'29"S, 116 0 ir31"E (WAM T145167-145168); 
1 S, 2 ?, same data except Ashendon Road, 7.3 km 
ESE. of Karragullen, 32°07'23"S, 116°11'45"E (WAM 
T145169-145171); 1 $, 1 ?, same data except corner of 
Ashendon Road and Brookton Highway, 32°08'54"S, 
116°H'26"E (WAM T145172-145173). 

Other material 

Australia: Western Australia: 1 ?, Jarrahdale, 
Alcoa mine area, 32°16’S, 116°06’E, August 2001, beat 
sample, ex X. preissii, M.L. Moir (WAM T143730); 
1 S, same data except May 2001 (WAM T143731); 4 
?, John Forrest National Park [ca. 31°53’S, 116°06’E], 
9 January 1986, in crown of X preissii, C. Reid, P.J. 
Gullan (WAM T145152-145154); 2 S, 1 ?, Scarp Road, 
4.5 km SE. of North Dandalup, 32°32'28"S, 116°00’38"E, 
1 April 2018, in crown of X. preissii, M.S. Harvey, 
M.E. Blosfelds (WAM T145214-145215); 2 $, same 
data except Scarp Road, 4.5 km E. of North Dandalup, 
32°31'25"S, 116°01'09"E (WAM T145216-145217); 1 $, 1 
tritonymph, Scarp Road, 7.0 km NE. of North Dandalup, 
32°28'25"S, 116°01'26"E (WAM T145218-145219); 1 
$, 1 ?, Kingsbury Drive, near North Dandalup Dam, 
32°24'37"S, 116°06'03"E (WAM T145220-145221); 1 
$, Stirling Range National Park, Bluff Knoll Road [ca. 
34°21’S, 118°13’E], 29 December 1985, at base of X 
preissii heads, C. Reid, P.J. Gullan (WAM T145503). 

DIAGNOSIS 

As for genus. 


DESCRIPTION 

Adults 

Colour : most cuticular surfaces dark red-brown; legs 
yellow-brown (Figures 3-7). 

Chelicera : with 6 or occasionally 5 setae on hand and 
1 subdistal seta on movable finger (Figures 9, 24); setae 
es. Is and is acuminate, bs’, bs” and sbs dentate; with 2 
dorsal lyrifissures and 1 ventral lyrifissure; galea stout 
with 5-6 0 , ?) distal to subdistal rami (Figures 11, 
12, 29); rallum composed of 4 blades, 2 anterior blades 
with fine serrations, 2 posterior blades smooth (Figure 
10); serrula exterior with 15 0 ), 14 (?) blades; lamina 
exterior present. 

Pedipalp (Figure 13): all surfaces granulate, except for 
smooth chelal fingers; all segments robust, trochanter 
1.71 0 ), 1.65 (?), femur 2.80-3.01 0 ), 2.71-3.00 (?), 
patella 2.01-2.62 0), 2.28-2.41 (?), chela (with pedicel) 
2.73-3.24 0 ), 2.80-3.19 (?), chela (without pedicel) 
2.53-3.06 0 ), 2.63-2.95 (?), hand (without pedicel) 
1.24-1.54 0 ), 0.92-1.07 (?) x longer than broad, 
movable finger 0.89-1.03 (<?), 1.38-1.51 (?) x longer 
than hand (without pedicel). Fixed chelal finger with 8 
trichobothria, movable chelal finger with 4 trichobothria 
(Figure 14): eb and esb situated basally; est situated 
closer to esb than to et, ib and ist subbasally; it situated 
midway between et and est, isb situated closer to ib and 
ist than to it, t situated subdistally; st situated closer 
to sb than to t; and sb situated much closer to b than 
to st. Fixed and movable fingers without pseudotactile 
setae (Figure 14). Venom apparatus only present in 
movable chelal finger, venom duct long, terminating 
in nodus ramosus between st and t. Fingers slightly 
gaping (Figures 14, 15). Chelal teeth diastemodentate, 
slightly retrorse (Figure 15), basal teeth more rounded 
and juxtadentate; fixed finger with 24 0 , ?) teeth, plus 
1 0, ?) retrolateral accessory tooth situated subdistally 
between teeth 6 and 7 0 ), or 7 and 8 (?), and 8 0 ), or 
7 (?) prolateral accessory teeth; movable finger with 
25 0 , ?) teeth, with 3 0 ), 4 (?) retrolateral and 8 
0), 6 (?) prolateral accessory teeth; sense spots: fixed 
chelal finger with 6 0 ), 8 (?) retrolateral and 5 0 ), 
13 (?) prolateral; movable chelal finger with 3 0 , ?) 
retrolateral and 8 0), 6 (?) prolateral. 

Carapace (Figure 8 ): evenly granulate; 0.97-1.12 
0 ), 0.94-1.13 (?) x longer than broad; with 1 pair 
of small, very faint eye-spots; with 38 0 , ?) setae in 
anterior zone, including 4 near anterior margin, 29 0 ), 
31 (?) setae in median zone, and 10 0), 12 (?) setae in 
posterior zone; with 2 distinct furrows, posterior furrow 
situated closer to posterior margin of carapace than to 
anterior furrow; posterior margin straight. 

Coxal region : maxillae granulate; dorso-lateral 
region of coxae I-IV granulate, other surfaces smooth; 
manducatory process somewhat pointed, with 2-3 apical 
to sub-apical acuminate setae, 1 small sub-oral seta, 
and 24 0 ), 19 (?) additional setae; median maxillary 
lyrifissure rounded and situated submedially; posterior 
maxillary lyrifissure rounded. Chaetotaxy of coxae I- 
IV: S, 10: 12: 15: 37; ?, 11: 12: 19: ca. 45. 
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FIGURES 3-6 Balgachernes occultus sp. nov.: 3, 4, male paratype (WAM T143751): 3, dorsal view; 4, ventral view; 5-6, 
female paratype (WAM T143754): 5, dorsal view; 6, ventral view. 
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FIGURE 7 Balgachernes occultus sp. nov., female 

photographed alive among newly 
developing leaves within the head of a 
balga (Xanthorrhoea preissii ). 

Legs : junction between femora and patellae I and 
II strongly oblique to long axis (Figure 18); junction 
between femora and patellae III and IV very angulate; 
femora III and IV much smaller than patellae III and IV; 
femur + patella of leg IV 3.49 0% 3.55 (ft x longer than 
broad (Figure 19); patella and tibia III and IV without 
pseudotactile setae; tarsi III and IV without tactile seta 
(Figures 19, 27); tarsi with single raised slit sensillum; 
subterminal tarsal setae arcuate and acute (Figure 27); 
claws not modified (Figure 27); arolium slightly shorter 
than claws (Figure 28). 

Abdomen : tergites I-X and sternites IV-X with medial 
suture line (Figures 3-6). Tergal chaetotaxy: S, 13: 19: 
13: 17: 20: 21: 20: 17: 16: 14: 10: 2; ft 13: 14: 13: 16: 17: 
18: 16: 17: 17: 14: 12: 2; setae short and dentate. Sternal 
chaetotaxy: & 44: (1) 18 [3 + 3] (1): (1) 6 (1): 15: 16: 
16: 16: 15: 15: 10: 2; ft 29: (1) 8 (1): (1) 9 (1): 11: 16: 
16: 15: 15: 15: 10 (including 4 longer setae): 2. Sternite 
II of S with setae arranged in inverted-U over median 
third; sternite III with setae widely scattered (Figure 
20); of $ with setae arranged in inverted-U, without 
setae on posterior margin; sternite III of $ with setae 
on posterior margin (Figure 21). Pleural membrane 
irregularly longitudinally striate; without setae. 

Genitalia : male of typical chernetid morphology; 
female with paired spermathecae with bulbous 
receptacula (Figure 22). 

Dimensions (mm): paratype male (WAM T143751), 
followed by 9 other paratype males (when measured) in 
parentheses: Body length 2.74 (2.83-3.58). Pedipalps: 


trochanter 0.555/0.325, femur 0.930/0.330 (0.860- 
1.010/0.295-0.345), patella 0.800/0.385 (0.765- 
0.890/0.325-0.430), chela (with pedicel) 1.405/0.515 
(1.330-1.535/0.41-0.535), chela (without pedicel) 1.305 
(1.250-1.410), hand (without pedicel) length 0.640 
(0.620-0.780), movable finger length 0.660 (0.635- 
0.705). Chelicera 0.305/0.16, movable finger length 
0.21. Carapace 0.990/0.920 (0.965-1.075/0.870-1.040); 
eye diameter 0.065. Leg I: femur 0.290/0.185, patella 
0.470/0.180, tibia 0.385/0.185, tarsus 0.345/0.090. Leg 
IV: femur + patella 0.820/0.235, tibia 0.610/0.150, tarsus 
0.415/0.115. 

Dimensions (mm): holotype female (WAM T143755), 
followed by 10 other paratype females (when measured) 
in parentheses: Body length 3.76 (2.11-3.56). Pedipalps: 
trochanter 0.560/0.340, femur 0.910/0.325 (0.80- 
0.945/0.295-0.330), patella 0.830/0.355 (0.740- 
0.850/0.310-0.370), chela (with pedicel) 1.395/0.470 
(1.220-1.415/0.420-0.505), chela (without pedicel) 
1.320 (1.130-1.350), hand (without pedicel) length 0.655 
(0.580-0.695), movable finger length 0.670 (0.570- 
0.680). Chelicera 0.305/0.160, movable finger length 
0.235. Carapace 1.070/1.030 (0.945-1.025/0.910-1.030); 
eye diameter 0.065. Leg I: femur 0.320/0.105, patella 
0.475/0.175, tibia 0.380/0.130, tarsus 0.215/0.095. Leg 
IV: femur + patella 0.835/0.235, tibia 0.580/0.145, tarsus 
0.385/0.110. 

Tritonymphs 

Colour: most cuticular surfaces pale red-brown; legs 
yellow-brown. 

Chelicera: with 5 setae on hand and 1 subdistal seta 
on movable finger; setae es, Is and is acuminate, bs and 
sbs dentate; galea with 5 distal to subdistal rami; rallum 
of 4 blades, 2 anterior blades with fine serrations, 2 
posterior blades smooth. 

Pedipalp: trochanter 1.76, femur 2.44, patella 2.18, 
chela (with pedicel) 3.35, chela (without pedicel) 
3.13, hand (without pedicel) 1.56 x longer than broad, 
movable finger 1.00 x longer than hand (without 
pedicel). Fixed chelal finger with 7 trichobothria, 
movable chelal finger with 3 trichobothria (Figure 16): 
eb and esb situated basally; est situated closer to esb 
than to et; ib and ist subbasally; it situated midway 
between et and est; st situated midway between b and 
t. Venom duct long, terminating in nodus ramosus 
near t. Fingers slightly gaping (Figure 16). Chelal 
teeth diastemodentate; fixed finger with 25 teeth, plus 

1 retrolateral accessory tooth situated subdistally, no 
prolateral accessory teeth; movable finger with 26 teeth, 
without accessory teeth; sense spots: fixed chelal finger 
with 3 retrolateral and 0 prolateral; movable chelal finger 
with none. 

Carapace: evenly granulate; 1.45 x longer than broad; 
with 1 pair of small, very faint eye-spots; with 28 setae 
in anterior zone, including 4 near anterior margin, 12 
setae in median zone, and 8 setae in posterior zone; with 

2 furrows, anterior furrow rather faint, posterior furrow 
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FIGURES 8-19 Balgachernes occultus sp. nov., female holotype (WAM T143755), unless stated otherwise: 8, carapace, 
dorsal view; 9, left chelicera, dorsal view; 10, left rallum, lateral view; 11, left galea, lateral view; 12, left galea, 
lateral view, male paratype (WAM T143751); 13, right pedipalp, dorsal view; 14, left chela, lateral view, setae 
omitted; 15, left chelal teeth, lateral view; 16, left chela, lateral view, setae omitted, tritonymph paratype (WAM 
T143746); 17 left chela, lateral view, setae omitted, deutonymph paratype (WAMT145164); 18, left leg I, lateral 
view; 19, left leg IV, lateral view. Scale lines = 0.5 mm (Figures 8, 13, 14, 16-19), 0.1 mm (Figures 9, 15), 
0.05 mm (Figures 10-12). 
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FIGURES 20-22 Balgachernes occultus sp. nov.: 20 , genital sternites, ventral view, male paratype (WAM T143751); 21-22, 
female holotype (WAM T143755): 21, genital sternites, ventral view; 22, spermathecae, ventral view. Scale 
lines = 0.2 mm (Figures 20, 21), 0.1 mm (Figure 22). 


situated closer to posterior margin of carapace than to 
anterior furrow; posterior margin straight. 

Coxal region : maxillae with 3 apical to sub-apical 
acuminate setae, 1 small sub-oral seta, and 19 additional 
setae. Chaetotaxy of coxae I-IV: 7: 8: 8: 15. 

Legs : very similar to adults. 

Abdomen : tergites I-X and sternites II-X with median 
suture line. Tergal chaetotaxy: 10: 12: 10: 12: 14: 13: 16: 
13: 12: 9: 12: 2. Sternal chaetotaxy: 6: (1) 5 (1): (2) 5 (2): 
12: 12: 14: 14: 15: 11:9:2. 

Dimensions (mm): paratype (WAM T143746): Body 
length 3.01. Pedipalps: trochanter 0.395/0.225, femur 
0.610/0.250, patella 0.555/0.255, chela (with pedicel) 
1.040/0.310, chela (without pedicel) 0.970, hand (without 
pedicel) length 0.485, movable finger length 0.485. 
Carapace 0.805/0.770. 

Deutonymphs 

Colour : most cuticular surfaces pale red-brown; legs 
yellow-brown. 

Chelicera: with 5 setae on hand and 1 subdistal seta 
on movable finger; setae es, Is and is acuminate, bs and 
sbs dentate; galea with 3 distal rami; rallum of 4 blades, 
2 anterior blades with fine serrations, 2 posterior blades 
smooth. 

Pedipalp: trochanter 1.90, femur 2.34, patella 2.09, 
chela (with pedicel) 3.33, chela (without pedicel) 3.12, 
hand (without pedicel) 1.51 x longer than broad, movable 
finger 1.06 x longer than hand (without pedicel). Fixed 
chelal finger with 6 trichobothria, movable chelal finger 
with 2 trichobothria (Figure 17): eb situated basally; est 
situated closer to esb than to et; ib and ist subbasally; it 


closer to est than to est; t situated slightly closer to t than 
to tip of finger. Venom duct long, terminating in nodus 
ramosus near t. Fingers slightly gaping (Figure 17#). 
Chelal teeth slightly diastemodentate; fixed finger with 
21 teeth, without accessory teeth; movable finger with 
24 teeth, without accessory teeth or sense spots. 

Carapace : evenly granulate; 0.97 x longer than broad; 
with 1 pair of small, very faint eye-spots; with 26 setae 
in anterior zone, including 4 near anterior margin, 10 
setae in median zone, and 6 setae in posterior zone; with 
2 shallow furrows, posterior furrow situated closer to 
posterior margin of carapace than to anterior furrow; 
posterior margin straight. 

Coxal region : maxillae with 2 apical to sub-apical 
acuminate setae, 1 small sub-oral seta, and 9 additional 
setae. Chaetotaxy of coxae I-IV: 5: 6: 7: 8. 

Legs : very similar to adults. 

Abdomen : tergites I-X and sternites II-X with median 
suture line. Tergal chaetotaxy: 6: 10: 8: 10: 9: 9: 10: 10: 
10: 8: 8: 2. Sternal chaetotaxy: 0: (1) 4 (1): (2) 4 (2): 10: 
10: 10: 10: 10: 10: 6: 2. 

Dimensions (mm): paratype (WAM T145164): Body 
length 2.10. Pedipalps: trochanter 0.285/0.150, femur 
0.410/0.175, patella 0.365/0.175, chela (with pedicel) 
0.715/0.215, chela (without pedicel) 0.670, hand (without 
pedicel) length 0.325, movable finger length 0.345. 
Carapace 0.545/0.560. 

REMARKS 

Despite considerable collecting of pseudoscorpions 
in south-western Australia, specimens of Balgachernes 
occultus have only been recorded from grass trees 
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FIGURES 23-38 Balgachernes occultus sp. nov., female, scanning electron micrographs: 23, cephalothorax, dorsal; 24, 
chelicera, dorsal; 25, cephalothorax, ventral; 26, manducatory process, ventral; 27, left pedipalp, dorsal; 28, 
left chela, dorsal; 29, right chelal fingers; 30, tip of right chelal fingers, dorsal; 31, left chelal fingers, ventral; 32, 
tip of left chelal fingers, lateral; 33, trichobothrium ib; 34, right chelicera; 35, tips of chelicerae, dorsal; 36, right 
tarsus II; 37 tip of right tarsus III; 38, lyrifissures of right tarsus II. Scale lines = 500 pm (Figures 23, 25, 27, 28), 
300 pm (Figure 31), 200 pm (Figures 24, 30), 100 pm (Figures 26, 29, 34, 36), 50 pm (Figures 32, 35, 37), 30 
pm (Figure 38), 20 pm (Figure 33). 
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(X. preissii ) in the Darling Range and Stirling Range 
National Park of south-western Australia (Brennan et 
al. 2011; this paper, Figure 29). In a study of the effects 
of fire on invertebrates in grass trees, Brennan et al. 
(2011) found B. occultus in every unburnt grass tree 
in their study site and found it to be more abundant 
in the dead skirts than the crowns. Pseudoscorpions 
did not appear to survive the fires as no individuals 
were found on burnt grass trees (Brennan et al. 2011, 
Appendix 3). Specimens were found in about a third 
of the heads of grass trees inspected along a 12 km 
stretch of Ashendon Road on 18 March 2018. They 
were detected by parting the new leaves at the head 
of the tree (Figure 7) but they moved rapidly down 
into the head of the tree when exposed. The dead 
leaves that form the skirt of the grass trees were not 
sampled. A survey of balga trees on 1 April 2018 
at five sites in the Dwellingup region (32°44'42"S, 
116°00'05"E; 32°42'28"S, 116 o 03’38"E; 32 o 4F08"S, 
116°02T9"E; 32°37'46"S, 115°58'28"E; 32°37'01"S, 
115°55'33"E) failed to locate any pseudoscorpions, 
whereas searching the heads of balga only 10 km to the 
north on Scarp Road quickly detected the presence of 
B. occultus. Continuing north for about 25 km, the only 
forest sites that lacked B. occultus were those that had 
been burnt during the last few years, as evidenced by 
blackened tree bark and reduced ground leaf litter. 

Although other habitats directly adjacent to the grass 
trees were not searched for pseudoscorpions during 
these surveys, the author has collected and examined 
hundreds of pseudoscorpions from other habitats such 
as tree bark, leaf litter and under stones in the Darling 
and Stirling Ranges, and Balgachernes has not been 
detected. Therefore, it seems reasonable to assume that 
B. occultus is a balga specialist. 

There are no available data on how the 
pseudoscorpions recolonise balga after fires, but the 
gaping chelal fingers found in adults, tritonymphs, 
deutonymphs (Figures 14-17), and possibly 
protonymphs, may indicate a modification for 
attachment to other arthropods by providing space 
between the fingers to grip onto the legs of insects. 
This mode of transport, known as phoresy (Muchmore 
1971), is common among some pseudoscorpion taxa, 
especially in chernetids and other members of the 
Cheliferoidea (e.g. Aguiar and Buhrnheim 1998; 
Gardenfors and Wilander 1995; Muchmore 1971; 
Pfeiler et al. 2009; Poinar et al. 1998; Zeh and Zeh 
1992a, b). 

It is extremely unlikely that B. occultus is the sole 
species of the genus, with some 28 recognised species 
of Xanthorrhoea from eastern, south-western and 
central Australia (see Flora of Australia online, http:// 
www.anbg.gov.au/abrs/online-resources/flora/redirect. 
jsp; accessed 2 April 2018) seemingly providing ample 
habitat for pseudoscorpions. 



FIGURE 39 Map of south-western Australia showing 

recorded distribution of Balgachernes 
occultus sp. nov. 

ETYMOLOGY 

The name refers to this species preference for living 
among balga leaves [occultus, Latin, cover, conceal; see 
Brown (1956)]. 


Genus Austrochernes Beier, 1932 

urn:lsid:zoobank.org:act:E30B0461-E700-42CB-B815- 

4F332089968A 

Austrochernes Beier 1932: 171. 

Troglochernes Beier 1969: 185. Syn. nov. 

TYPE SPECIES 

Austrochernes : Chelifer australiensis With, 1905, by 
original designation. 

Troglochernes : Troglochernes imitans Beier, 1969, by 
original designation. 

DIAGNOSIS 

Austrochernes differs from all other chernetid genera 
by the following combination of characters (from 
Harvey and Volschenk 2007): flagellum with 4 blades, 
or possibly 3 blades in one species; spermathecae with 
2 thickened and slightly curved tubes fused basally; legs 
III and IV without tactile setae (Figure 47); carapace 
unicolored and with two transverse furrows (Figures 
42, 45); chelal fingers not gaping or slightly gaping 
(e.g. Figure 43); eyes or eyespots absent (Figure 42); 
vestitural setae generally small, dentate and clavate 
(Figures 40, 42). 

REMARKS 

Beier (1932) described Austrochernes from the 
Australasian region and included four species: A. 
novazealandica (Beier, 1932) from New Zealand, and 
A. australiensis (With, 1905), A. ramosus (Koch and 
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Keyserling, 1885) and A. silvestrii (Beier, 1930) from 
Australia. While it appears that he relied on his first¬ 
hand knowledge of A. novazealandica and A. silvestrii to 
form the generic diagnosis, it seems that he did not have 
access to the type specimens of A. australiensis and A. 
ramosus as his descriptions only included data that were 
taken from the original descriptions by With (1905) and 
Koch and Keyserling (1885), respectively. Curiously, 
he designated A. australiensis as the type species, 
despite many differences between the four species. 
Indeed, they are currently included in four separate 
genera, with A. novazealandica in Heterochernes Beier, 
1966, A. australiensis in Austrochernes, A. ramosus 
in Haplochernes Beier, 1932, and A. silvestrii as a 
junior synonym of Conicochernes brevispinosus (Koch 
and Keyserling, 1885) (Beier 1948b, 1966a, b). The 
diagnosis provided by Beier (1932) seems to be based 
more on A. novazealandica than on the type species, as 
he specifically mentions the presence of a tactile seta 
on tarsus IV which is present in A. novazealandica but 
absent in A. australiensis. Beier (1966b) later recognised 
the significant morphological differences between these 
two species, and transferred A. novazealandica to his 
new genus Heterochernes, leaving A. australiensis 
as the only species of Austrochernes. Harvey and 
Volschenk (2007) erroneously suggested that a tactile 
seta was present on tarsus IV of Austrochernes, 
mistakenly using the diagnosis provided by Beier (1932). 
This feature was then used to segregate Troglochernes 
from Austrochernes. Examination of the two male 
syntypes of A. australiensis shows that a tactile seta 
is indeed absent from the posterior legs, as originally 
reported by With (1905), and therefore Troglochernes 
cannot be differentiated from Austrochernes by this 
criterion. Austrochernes australiensis has all of the other 
characteristic features of Troglochernes, including a 
rallum with four blades, carapace unicoloured and with 
two transverse furrows, eyes or eyespots absent, and 
vestitural setae generally small, dentate and clavate. The 
only feature that could not be verified is the morphology 
of the spermathecae, which in Troglochernes consist of 
two thickened and slightly curved tubes fused basally 
(Harvey and Volschenk 2007). Nevertheless, there 
appears to be no compelling reason to keep the two 
genera as separate entities, and therefore Troglochernes 
is synonymised with Austrochernes, and all six species 
of Troglochernes are transferred to Austrochernes, as 
follows: 

Austrochernes cruciatus (Volschenk, 2007), comb, 
nov., originally described in Troglochernes (Harvey and 
Volschenk 2007). 

Austrochernes dewae (Beier, 1967), comb, nov., 
originally described in Sundochernes (Beier 1967). 

Austrochernes guanophilus (Beier, 1967), comb, nov., 
originally described in Sundochernes (Beier 1967). 

Austrochernes imitans (Beier, 1969), comb, nov., 
originally described in Troglochernes (Beier 1969). 

Austrochernes novaeguineae (Beier, 1965), comb, 
nov., originally described in Sundochernes (Beier 1965). 


Austrochernes omorgus (Harvey and Volschenk, 
2007), comb, nov., originally described in Troglochernes 
(Harvey and Volschenk (2007). 

Harvey and Volschenk (2007) found that species of 
Troglochernes were associated with guano deposits 
in cave environments (A. cruciatus, A. dewae, A. 
guanophilus and A. imitans ) or with flying insects 
(A. omorgus ). However, the habitat preferences of A. 
australiensis and A. novaeguineae were not stated in the 
original descriptions (Beier 1965; With 1905). 


Austrochernes australiensis 
(With, 1905) 

urn:lsid:zoobank.org:act:FF371C16-56D3-42F5-A545- 

248BB8193A21 

Figures 40-48 

Chelifer australiensis With 1905: 101-104, plate 6 
figures 2a-g. 

Austrochernes australiensis (With): Beier 1932: 171; 
Judson 1997: 9. 

Not Chelifer (Trachychernes) australiensis (With): 
Ellingsen 1910: 373 [misidentification for 
Heterochernes novazealandiae (Beier)]. 

MATERIAL EXAMINED 
Syntypes 

Australia: Queensland: 2 $, without further locality 
data or date, W.W. Froggart [sic, W.W. Froggatt] (BMNH 
1893.12.17.-). See Remarks. 

DIAGNOSIS 

Austrochernes australiensis differs from A. imitans by 
the robust pedipalps (slender in A. imitans), and from all 
other species by its substantially larger size, e.g. chela 
(with pedicel) 2.33-2.44 0) mm in A. australiensis and 
1.00-1.34 0), 1.05-1.61 (^) mm long in A. cruciatus, 
A. dewae, A. guanophilus, A. novaeguineae and A. 
ormogus. 

DESCRIPTION 
Adult males 

Colour: most cuticular surfaces deep red-brown 
(Figures 40-42); legs yellow-brown. 

Chelicera: with 7 setae on hand and 1 subdistal seta 
on movable finger; setae bs’, bs”, bs’” and sbs dentate, 
and es, Is and is acuminate; with 2 dorsal lyrifissures 
and 1 ventral lyrifissure; galea slender with 5-6 distal to 
subdistal rami (Figure 48); rallum of 4 blades, each with 
fine serrations; serrula exterior with 29 blades; lamina 
exterior present. 

Pedipalp (Figure 44): pedipalpal surfaces finely 
granulate; patella with several subbasal lyrifissures; 
all segments robust, trochanter 1.40-1.55, femur 2.37, 
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FIGURES 40-43 Austrochernes australiensis (With, 1905), male syntype (BMNH 1893.12.17): 40, dorsal view; 41, ventral view; 
42, cephalothorax, dorsal view; 44, right chela, lateral. Scale lines = 0.5 mm. 
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patella 2.06-2.08, chela (with pedicel) 2.65-2.71, chela 
(without pedicel) 2.42-2.51, hand (without pedicel) 1.16 
x longer than broad, movable finger 1.13-1.18 x longer 
than hand (without pedicel). Fixed chelal finger with 8 
trichobothria, movable chelal finger with 4 trichobothria 
(Figure 46): eb and esb situated basally; est situated 
midway between esb and et; ib and ist subbasally; it 
situated closer to et than to est; isb situated closer to it 
than to ib and ist; t situated closer to fingertip than st; 
st situated closer to t than to sb; and sb situated much 
closer to b than to st. Fixed and movable fingers without 
pseudotactile setae. Venom apparatus only present in 
movable chelal finger, venom duct long, terminating 
in nodus ramosus between st and t, but slightly closer 
to st (Figure 46). Finger slightly gaping near distal end 


(Figure 46). Chelal teeth small and juxtadentate; fixed 
finger with 46 teeth, plus 8 retrolateral and 7 prolateral 
accessory teeth; movable finger with 50 teeth, plus 11 
retrolateral and 5 prolateral accessory teeth; with sense 
spots on both fingers. 

Carapace (Figures 42, 45): evenly granulate; 0.85- 
0.93 x longer than broad; without eyes or eye-spots; 
with ca. 80 setae in anterior zone, including 6 near 
anterior margin, 55 setae in median zone, and 21 setae in 
posterior zone; with 2 distinct furrows, posterior furrow 
situated closer to posterior margin of carapace than to 
anterior furrow; posterior margin straight. 

Coxal region : maxillae and coxae I-IV smooth; 
manducatory process somewhat pointed, with 3 apical 
to sub-apical acuminate setae, 1 small sub-oral seta, 



FIGURES 44-48 Austrochernes australiensis (With, 1905), male syntype (BMNH 1893.12.17): 44, left pedipalp, dorsal view; 

45, carapace, dorsal view; 46, right chela, lateral view, setae omitted; 47, left leg IV, lateral view; 48, left galea, 
lateral view. Scale lines = 1.0 mm (Figures 44-47), 0.05 mm (Figure 48). 
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and ca. 70 additional setae; median maxillary lyrifissure 
rounded and situated submedially; posterior maxillary 
lyrifissure rounded. Chaetotaxy of coxae I-IV: ca. 30: 
ca. 30: ca. 40: ca. 80. 

Legs : junction between femora and patellae I and II 
strongly oblique to long axis; junction between femora 
and patellae III and IV very angulate; femora III and IV 
much smaller than patellae III and IV; femur + patella 
of leg IV 4.15 x longer than broad; patella and tibia III 
and IV without pseudotactile setae (Figure 47); tarsi III 
and IV without tactile seta (Figure 47); tarsi with single 
raised slit sensillum; subterminal tarsal setae arcuate 
and acute; claws not modified; arolium shorter than 
claws. 

Abdomen : tergites II-X and sternites IV-X with full 
medial suture line, tergite I with partial suture line 
(Figures 40-42). Tergal chaetotaxy: 25: 29: 31: 34: 33: 
34: 31: 33: 30: 28: 16: 2; setae strongly dentate. Sternal 
chaetotaxy: ca. 80: (4) ca. 56 [7 + 6] (4): (4) 14 (4): 25: 
28: 32: 30: 28: 21: 12: 2. Pleural membrane irregularly 
longitudinally striate; without setae. 

Genitalia : of typical chernetid morphology. 

Dimensions (mm): syntype male (BMNH 1893.12.17.-), 
followed by other syntype male (when measured) 
in parentheses: Body length 4.42 (4.16). Pedipalps: 
trochanter 0.800/0.570 (0.830-0.535), femur 1.350/0.570 
(1.360/0.575), patella 1.375/0.660 (1.410/0.685), chela 
(with pedicel) 2.330/0.880 (2.440/0.900), chela (without 
pedicel) 2.130 (2.255), hand (without pedicel) length 
1.020 (1.040), movable finger length 1.150 (1.230). 
Chelicera 0.500/0.225, movable finger length 0.360. 
Carapace 1.410/1.525 (1.370/1.620). Leg I: femur 
0.510/0.355, patella 0.770/0.290, tibia 0.795/0.18, tarsus 
0.685/0.155. Leg IV: femur + patella 1.390/0.335, tibia 
1.17/0.200, tarsus 0.830/0.160. 

REMARKS 

With (1905) described Chelifer australiensis from two 
specimens allegedly collected from Queensland. Judson 
(1997) suggested that the actual type locality may be 
Gerringong, New South Wales, based on information 
derived from the Natural History Museums accessions 
register. This discrepancy may never be resolved, at 
least until the precise distribution of this species can be 
ascertained. With (1905) did not designate a holotype, so 
both specimens are regarded as syntypes (Judson 1997). 
One of the males was dissected by With (1905), with 
legs I and IV mounted on a microscope slide (Judson 
1997), and the right chela loose in the vial; the left 
chelicera appears to be missing. This specimen was used 
as the primary specimen in the above description, while 
the other undissected specimen was imaged for Figures 
40-42. 
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In 1869 Forster described a subgenus of the genus 
Hemiteles (Hymenoptera, Ichneumonidae) and gave 
it the name Agasthenes Forster, 1869. Subsequently, 
it was raised to the rank of genus and the subgenus 
Asthenoptera Forster, 1869 and the genus Arachnoleter 
Cushman, 1924 were synonymised under it. There 
are currently five species in this genus (Yu 2018): 
Agasthenes angustus Townes, 1983 (from North 
America); Agasthenes fulvibasis Townes, 1983 (from 
North America); Agasthenes subarcticus (Jussila, 1965), 
originally in the genus Hemiteles Gravenhorst, 1829 
(from northern Europe); Agasthenes swezeyi (Cushman, 
1924), originally in the genus Arachnoleter Cushman, 
1924 (from Asia and North America); and Agasthenes 
varitarsus (Gravenhorst, 1829), originally in the genus 
Hemiteles Gravenhorst, 1829 (from northern and central 
Europe). The type species of the genus is Hemiteles 
varitarsus Gravenhorst, 1829. 

In 1873 Bates described a genus of tenebrionid beetle 
from Australia, naming it Agasthenes Bates, 1873. 
This genus originally contained just a single species, 
Agasthenes westwoodi Bates, 1873, which is therefore 
the type species of this genus by monotypy. Carter 
(1909, 1910, 1937) subsequently described a further six 
species in this genus: Agasthenes goudiei Carter, 1909, 
now synonymised under Amphianax subcoriaceus 
Bates, 1873; Agasthenes stepheni Carter, 1909, now 
Nyctozoilus stepheni (Carter, 1909) [nee Carter, 1914]; 
Agasthenes euclensis Carter, 1910, subsequently 
synonymised under A. goudiei Carter, 1909 and thence 
to Amphianax subcoriaceus Bates, 1873; Agasthenes 
tepperi Carter, 1937, now Nyctozoilus tepperi (Carter 
1937); Agasthenes frenchi Carter, 1909; and Agasthenes 
championi Carter, 1910. 


Therefore Batessia nomen novum (ZooBank 
Registration: urn:lsid:zoobank.org:act:0A974422- 
4FB3-4A1F-AFCE-46545D2E9B3E) is proposed 
here as a replacement name for Agasthenes Bates, 
1873, preoccupied by Agasthenes Forster, 1869 
(Hymenoptera). The name honours the person who 
described the original genus, with the second ‘s’ added 
to avoid homonymy with Batesia Felder & Felder, 
1862 (Lepidoptera). The gender is feminine. Batessia 
contains three species: Batessia westwoodi (Bates, 
1873) comb, nov., Batessia frenchi (Carter, 1909) comb, 
nov. and Batessia championi (Carter, 1910) comb. nov. 
The type species, in accordance with Article 67.8 of 
the International Code of Zoological Nomenclature, is 
Agasthenes westwoodi Bates, 1873. 
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In the recent revision of the Gehyra punctata (Fry, 
1914) species complex, Doughty et al. (2018a, published 
25 July) proposed the name Gehyra punctulata for 
a newly described species therein from the Pilbara 
region of Western Australia, Australia with the type 
locality of ‘Mount Minnie’ (p. 19). However, the name 
Gehyra punctulata is a junior secondary homonym of 
Phyria punctulata Gray, 1842 from the type locality of 
‘Port Essington’ Northern Territory, Australia with a 
distribution described by Gray as ‘North coast of New 
Holland [Australia]’ (Gray 1842, p. 53). The genus Phyria 
Gray, 1842 is treated as a junior synonym of Gehyra Gray, 
1834 (see Chrapliwy et al. 1961; Cogger et al. 1983; Bauer 
1994) and the name Phyria punctulata is itself currently 
treated as a nomen oblitum and subjective synonym of 
Gehyra australis Gray, 1845 (see Chrapliwy et al. 1961; 
Cogger et al. 1983; Kluge 1991; Bauer 1994). However, 
due to the absence of an extant type specimen (presumed 
lost fide Boulenger 1885; Kluge 1965; Cogger et al. 1983), 
it is not possible to definitively allocate Phyria punctulata 
Gray, 1842 to any known species or populations of 
Gehyra Gray, 1834 and the interpretation of P. punctulata 
as a synonym of G. australis has been based on the 
limited diagnostic information and the type locality of 
‘Port Essington’ provided by Gray (1842, p.53). 

Although first described by Gray (1842), Phyria 
punctulata was not included by Gray (1845) in his 
comprehensive Catalogue of the Specimens of Lizards 
in the Collection of the British Museum, where the 
description of Gehyra australis was published. Gray 
(1842) noted that the majority of specimens described in 


his paper were ‘chiefly from a collection made by Mr. 
Gilbert, Mr. Gould’s collector, at Port Essington’ (p. 54). 
Gray (1845), in turn, reported the origin of his specimen 
‘6.’ of G. australis as ‘Port Essington. From Mr. Gilbert’s 
collection’ (p. 163). This is circumstantial evidence that 
at least one syntype of G. australis is conspecific with 
the holotype of P. punctulata. Were this the case, the 
fact that the synonymy was not noted by Gray (1845) 
would not be unexpected as he sometimes substituted 
new names for taxa he described or carelessly described 
the same specimen more than once, often in different 
genera. However, Boulenger (1885) referred to the 
genus and species as incertae sedis as he was unable to 
locate the type specimen with the limited information 
provided by Gray. Chrapliwy et al. (1961) hesitantly 
treated P. punctulata as G. australis ; however, Kluge 
(1965) identified some inconsistencies between Gray’s 
description of P. punctulata and that of G. australis and 
treated the species as a nomen dubium, highlighting 
Gray’s characters ‘two series of diverging subdigital 
lamellae and ventral surfaces yellow’ (Kluge 1965, p. 
122) which is not typical of the Gehyra australis group 
which typically possesses undivided or grooved lamellae. 
Cogger et al. (1983) treated P. punctulata as a nomen 
oblitum and listed it as a synonym of G. australis but did 
not provide any reasoning for the decision. Bauer (1994) 
also treated P. punctulata as a nomen oblitum, noting 
that the name was tentatively referrable to and placed in 
synonymy with G. australis on the basis of type locality 
following Chrapliwy et al. (1961), Cogger et al. (1983) and 
Kluge (1991). Bauer (1994) also noted that the identify of 
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P. punctulata will never be satisfactorily resolved in the 
absence of a type specimen. 

Although P. punctulata is currently treated as a nomen 
oblitum and subjective synonym of G. australis, some 
characters described by Gray for the genus Phyria and 
P. punctulata are inconsistent with what is commonly 
referred to as G. australis in the Port Essington area. 
While the description of Phyria and P. punctulata 
broadly conform with the genus Gehyra, Kluge (1965) 
noted Gray’s reference to ‘two series of diverging plates 
beneath’ the toes (Gray 1842, p. 53), presumably referring 
to divided subdigital lamellae, in the description of 
Phyria differs from G. australis which possesses a 
single series of undivided lamellae under each toe. This 
character is consistent with other Gehyra known to occur 
in the vicinity of the type locality, including G. nana 
Storr, 1978 and G. paranana Bourke, Doughty, Tedeschi, 
Oliver & Moritz in Doughty et al. (2018b); however, these 
species are more prominently marked on the dorsum. 
With consideration that the type locality may be in error, 
and the locality merely reflects the port from which 
the specimens were shipped to the British Museum, 
it is possible the type of P. punctulata may represent 
a species not known to occur within the vicinity of 
Port Essington. Kluge (1965) also highlighted Gray’s 
description of colouration of P. punctulata, Tips, side of 
throat, chest, belly and underside of tail, yellow’ (Gray 
1942, p. 53), which differs from common colouration of 
G. australis in the Port Essington area; however, this may 
be attributed to preservation and storage of the specimen. 
Gray (1842), however, did mention ‘olive grey, in spirits’ 
(p. 53) and made no mention of any dorsal patterning, 
which is consistent with G. australis, particularly after 
capture and preservation and it is possible the specimen 
represented a more distinctly marked species such as 
G. nana or G. paranana and fading or loss of dorsal 
patterning had occurred as a result of preservation and 
storage in ethanol. 

In the absence of a type specimen, the inability to 
determine with certainty to which species the name 
applies and limited information in the description of 
Phyria and Phyria punctulata by Gray (1842), we regard 
the name Phyria punctulata as a nomen dubiurn and 
remove it from the synonymy of G. australis. Despite the 
nomen dubiurn status of the name Phyria punctulata, the 
name punctulata is nonetheless considered unavailable 
for new species within the genus Gehyra in accordance 
with Article 59 of the Code (International Commission on 
Zoological Nomenclature [ICZN] 1999). 

Consequently, under Articles 59-60 of the International 
Code of Zoological Nomenclature (the Code) 
(International Commission on Zoological Nomenclature 
[ICZN] 1999) a replacement name is required for Gehyra 
punctulata Doughty, Bauer, Pepper & Keogh, 2018 
because both nomina are currently referred to the genus 
Gehyra Gray, 1834. The name Gehyra finipunctata 
nom. nov. Doughty, Bauer, Pepper, Keogh & Ellis, 
2018 [ZooBank: urn:lsid:zoobank.org:act:55ClB633- 
86BA-4FFE-B400-D151BC69AF60] is proposed as a 


replacement name for Gehyra punctulata Doughty, Bauer, 
Pepper & Keogh, 2018. The species epithet finipunctata 
is derived from the Latin words finis (fine) and punctata 
(punctate or bearing small spots), as in bearing fine 
spots or finely spotted, in reference to the dorsal pattern 
which forms part of the species diagnosis, described 
by Doughty et al. (2018a) as ‘background colour light 
reddish to greyish-brown with small dark and pale spots 
not in contact and evenly spaced’ (pp. 19-20). The name 
finipunctata is an adjective formed in the nominate 
feminine singular. 
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ABSTRACT - Specimens of the vulnerable bat Saccolaimus saccolaimus have recently been 
recognised among museum collections from north-western Australia. They include one whose 
search mode echolocation pulses were being recorded when it was collected. In terms of spectral 
characters, this pulse sequence was indistinguishable from reference sequences by S. saccolaimus 
from the Northern Territory. 

We compare these reference sequences with free-flying sequences: (1) from the two other 
species at the same detection sites that have a similar acoustic niche ( Saccolaimus flaviventris and 
Chaerephon jobensis), and (2) recorded from sites elsewhere in north-western Australia. Equivalent 
sequences were detected at 40 of 173 recording sites scattered throughout north-western Australia, 
and in all five of its bioregions, implying that S. saccolaimus is widespread at the western end of its 
geographical range in Australia. At an overall average frequency of 20.3 kHz, these sequences, like 
their Northern Territory counterparts, are significantly different from S. flaviventris and C. jobensis 
in all spectral parameters measured, and consistent with (albeit 2.8 kHz lower than) S. saccolaimus 
sequences from Queensland. 

KEYWORDS: Kimberley, bats, museum collections, vulnerable species, Northern Territory, Queensland 


INTRODUCTION 

The vulnerable bat Saccolaimus saccolaimus 
(Temminck, 1838) is known in Australia from the high 
rainfall tropical regions of Northern Territory and 
Queensland (T.S.S.C. 2016), but data on its range limits 
and habitat associations are scant because there are few 
museum specimens and known localities. As Woinarski 
et al. (2014) pointed out, field surveys have been 
hampered by difficulties in diagnosing its echolocation 
sequences from those of co-occurring species such as 
Saccolaimus flaviventris (Peters, 1867) and C. jobensis 
(Miller, 1902). Historically, all Western Australian 
Saccolaimus have been identified as S. flaviventris 
because they lack the bare rump and/or numerous dorsal 
flecks, speckles or spots that characterise Queensland 
S. saccolaimus. 

Two recent events prompted a reevaluation of these 
identifications. Firstly, a mitochondrial DNA study of 
specimens from Queensland and Northern Territory 
revealed that, although S. saccolaimus forms a single 


genetic clade in Australia, a proportion of the Northern 
Territory S. saccolaimus population lacks the bare 
rump and/or dorsal markings (Milne et al. 2009). It also 
showed that adults have a narrower ‘outer-upper canine 
width’ (OC ! W < 5.7 mm) than S. flaviventris. Using this 
metric, specimens from five localities in the Kimberley, 
north-western Australia, were subsequently discovered 
in the Western Australian Museum (WAM) collection 
(see Woinarski et al. 2014): WAM M21831, M24019, 
M26078, M49194 and M64808 (Table 1). They did not 
have the distinctive bare rump, white dorsal flecks/ 
speckles/spots, dark reddish-brown dorsal fur or pale 
brown to grey ventral fur of most individuals belonging 
to Queensland populations. Instead, they had uniform 
dark brown to black dorsal fur and creamy-white ventral 
fur just like Saccolaimus flaviventris, the only con¬ 
generic known from the Kimberley. 

Secondly, during an acoustic survey of bats on islands 
along the Kimberley coast, we noticed that search 
mode echolocation sequences we were assigning to 
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S. flaviventris formed two discrete clusters in terms of 
spectral parameters. Subsequent study revealed that one 
of these clusters resembled S. saccolaimus sequences 
from the Northern Territory, illustrated in Milne et al. 
(2009). Fortuitously, the echolocation sequence emitted 
by one of the vouchered S. saccolaimus specimens was 
being recorded when it was shot (flying through the 
beam of a spotlight), thus providing a reference sequence 
from the Kimberley. 

In this study we document the echolocation signature 
of S. saccolaimus and reassess its geographic range 
in the Kimberley, where it was virtually unknown. 
We provide comparison with free-flying reference 
echolocation sequences by its two acoustic neighbours 
(S. flaviventris and C. jobensis ) to facilitate future 
surveys. Specifically, we assess the hypothesis that 
S. saccolaimus occurs throughout the Kimberley by (a) 
reappraising the Saccolaimus collections in the Western 
Australian Museum for adult specimens with ‘outer- 
upper canine width’ <5.7 mm, and (b) by searching our 
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library of ultrasound recordings from the Kimberley for 
echolocation sequences that match the S. saccolaimus 
reference sequences from the Northern Territory 
and/or the Kimberley reference sequence. Animal 
Ethics Committee approvals: A02001 (NT) and DEC 
2010/21 (WA). 

MATERIALS AND METHODS 

STUDY AREA 

The Kimberley Administrative Region occupies 
north-western Australia and, for brevity, is referred to 
as the ‘Kimberley’ in this paper. Sparsely settled and 
with limited access, it spans 600 km north-to-south 
and 800 km east-to-west, includes both coastal and 
inland landscapes, and has a hot tropical climate. It is 
divided into five geomorphically distinctive bioregions 
(DSEWPaC 2012), see Figure 1. The Northern 
and Central Kimberley bioregions comprise rugged 
uplands of the Kimberley Craton; the other three are 


TABLE 1 Adult S. saccolaimus specimens from Kimberley locations (WAM# = Western Australian Museum specimen 
registration number). 

a Scaled from forearm length of the other female specimens. 
b Scaled from dried alcohol specimen using specimens of known fresh weight. 


Site 

(Figure 1) 

WAM# 

Sex 

Location (WMG) 

Radius, D 3 P\ 
OC’WImm) 

Weight (g) 

Notes 

10 

M21831 

? 

Mitchell Plateau at 
14°49'16"S, 

125°50'34"E 

73.4,31.1,5.6 


WAM/CRA on 25 April 1982 

18 

M49194 

3 

Mitchell River track at 
15°08'45"S, 

126°09'30"E 

73.3, 31.9, 5.7 

38.2 

Shot well above riparian canopy 
by N. McKenzie and J. Rolfe 
on 2 June 1987 

128 

M24045 

? 

Tunnel Creek, 
near Fairfield HS. 
17°36'26"S, 

125°08'44"E 

75.0, 30.8, 5.4 

40.5 a 

G. Barron & P. Griffin on 

4 February 1982 

152 

M24019 

3 

Barred Creek Bore. 
17°39'45"S, 

122°12'10"E 

70.5, 30.9, 5.6 


Shot above pindan canopy by 

G. Barron and P. Griffin on 

24 January 1982 

A 

M26078 

3 

Sale River at 

16°0r37"S, 

124°45'52"E 

71.2,30.5, 5.6 

39.1 

Shot in open air above riparian 
canopy by K.F. Kenneally on 

13 May 1986 

B 

M64808 

? 

Kimbolton HS. 
16°4r00"S, 

123°50'00"E 

73.3,31.1,5.5 

40.8 b 

K. Goodchild in 2006 

C 

M22535 

? 

Coulomb Point. 
17°20'10"S, 

122°09'40"E 

33.3, 5.7 

45.0 

Shot 15 m above shrubland on 
beach dune by N. McKenzie on 

19 April 1987 

D 

M44078 

- 

Osmond Range 
17°16'35"S, 

128°15'30"E 

75.9, 31.2, 5.6 


S. Eberhard on 7 August 1998 
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FIGURE 1 The Kimberley, showing the boundaries of its five biogeographic regions ('bioregions'), and the 40 sites 
where S. saccolaimus sequences were detected (Appendix 4). Museum voucher specimens exist from 
four of these 'numbered' sites as well as four others (marked as A to D in Table 1). Relevant Australian 
States are labelled: WA (Western Australia), NT (Northern Territory) and Qld (Queensland). 


in sedimentary basins on its eastern, south-eastern 
and southern sides. The most mesic, the Northern 
Kimberley, encompasses 82,540 km 2 of sub-humid 
near-coastal as well as inland landscapes. The most arid, 
Dampierland, comprises 88,120 km 2 of semi-arid near¬ 
coastal and inland landscapes, mostly plains, and forms 
the north-western margin of the Canning Basin. The rest 
of the Canning Basin is occupied by the Great Sandy 
Desert. 

Average annual rainfall ranges from 1,500 mm in the 
north-west to 400 mm in the south where it is locally 
unreliable, while average temperatures range from a 
daily maximum of 32.8°C in January to a night time 
minimum of 12°C in July. Nearly all rain falls during 
the 4 to 5 months of the ‘wet’ (November to March), 
the season of high humidity. The Kimberley Craton is 
drained by seasonally active river systems fringed by 
tall trees that form riparian forests or woodlands, and 
permanent pools are common. Its landscapes support 
savannas, tree steppes, woodlands and open forests. 
They include undulating hill country with broad valleys 
and rugged boulder country associated with extensive 
basalt, quartz sandstone and limestone karst uplands, 
ranges and plateaus dissected by gorges. 


Two compositionally distinct zoophagic bat 
ensembles occur in the Kimberley. One occupies 
landward environments and comprises 19 species; the 
other occupies mangroves and comprises 16 species. 
Their deterministic compositional structure has been 
displayed in terms of acoustic parameters, foraging 
strategy and foraging microhabitat (McKenzie and 
Bullen 2012: Fig. 4). 

EXISTING SPECIMENS FROM THE KIMBERLEY 

We reexamined the WA Museum’s Saccolaimus 
collection in search of adults with an ‘outside canine 
width’ of less than 5.7 mm. We also recorded dorsal and 
ventral fur for overall colour, flecks, speckles or spots, 
and checked for bare areas on the rump. 

ACOUSTIC SURVEY 

Between 1987 and 2017, we sampled 173 sites 
scattered across the Kimberley using bat detectors 
placed at ground-level with microphones orientated near- 
vertically upwards to minimise echoes. The recording 
equipment improved during the sampling program. 
For the first 73 sites we used an Anabat II bat detector 
coupled to a Sony Walkman WMD6C cassette recorder 
or, after 2003, a Sony Walkman mono minidisc recorder 
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(128 kHz sampling rate) or, after 2010, an Olympus LS10 
digital recorder (see McKenzie et al. 2012). In all cases 
the detector’s output was saved in pulse code modulation 
(PCM) wave format. From 2012 onwards, we used a 
Wildlife Acoustics SM2BAT full-spectrum ultrasound 
recorder (384 kHz sampling rate) coupled with an 
omni-directional SMX-US ultrasonic microphone to 
sample another 100 sites. Taped to the tip of a stake, 
the microphone was about 1.5 m above the ground and 
several metres from obstructions. The SM2 recorder 
was pre-programmed to switch on at late dusk and 
record until dawn. Kaleidoscope (Version 2.3.0, Wildlife 
Acoustics 2015) was used to extract bat echolocation 
sequences from the SM2 recordings, and save them 
as individual sound files in PCM wave format. Sites 
were sampled for at least one night each with the SM2, 
but at least two nights each with the Anabat systems, 
supplemented with mist nets and/or spotlight collecting 
at 78 of the (mostly) pre-2012 sites (Animal Ethics 
approvals: DEC AEC 2007/03, 2010/21). 

Rather than randomly arrayed, the recording sites 
were strategically selected to sample the study area’s 
main ecosystems and provide geographical coverage. 
Most were in or within 0.2 km of savanna woodlands 
(146 sites), rainforest (26), mangroves (47), and/or 
riparian zones (69). They were in, or within 0.2 km of, 
plains country (59), undulating hill country (62) and/or 
rugged range country with crevices and caves (71). 

COOL EDIT 2000, now Adobe Audition 2’ (Adobe 
Systems, USA), was used to display each echolocation 
sequence in spectral view and measure pulse parameters 
such as peak frequency (F peak ) and fineness-of-tuning 
(0, as described in McKenzie and Bullen (2012). Q is 
the width of the frequency band 6 dB below peak, taken 
from the Fast Fourier Transform (i.e. Q. 6dB ), ^-values 
were corrected to allow for the higher resolution offered 
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by the SM2’s full-spectrum recordings compared to the 
frequency-divided (/16) output from Anabat detectors, 
then standardised at Q s M 2/3.0 for calculation purposes. 
The correction factor was derived empirically using 
field-recorded sequences emitted by species whose 
search mode pulse frequencies straddle the relevant 
17 to 24 kHz frequency band, i.e. S. flaviventris and 
Taphozous georgianus (Appendix 1). 

Sequences were identified to species using the 
reference echolocation library and procedure described 
in McKenzie and Bullen (2012). This library comprises 
PCM wave file recordings of known free-flying 
individuals (cyalume-tagged or shot). It comprises 26 
species (all species known from the Kimberley) and 248 
sequences with an average of 9.5 sequences per species 
(s.d. = 6), and 2,322 individual pulses at an average of 89 
pulses per species (s.d. = 46). Thus, F peak and Q values 
were determined for several of the search-mode pulses 
comprising a sequence, along with pulse repetition-rate 
(to confirm that the bat was in search mode), shape, 
duration (. Dur ), and overall slope ((F ma3r F characteristic )/ 
duration). F peak is equivalent to F peakC when Anabat wave 
files were used, and to ‘0.94 F character i S ti C + 1-57’ (R 2 = 0.95, 
n = 18) when Anabat-ZCAIM files (see Corben 2004) 
were used, i.e. for the three Northern Territory reference 
sequences described below. Because its component 
variables are independent of the hardware, the Slope 
equation should yield comparable values irrespective of 
whether recordings are processed using Anabat-ZCAIM 
or SM2-wave file formats, but we are yet to derive an 
algorithm yielding reliable Slope values from Anabat 
wave files. 

The echolocation library comprises a scatterplot of 
pulse F peakc versus Q, as well as a table summarising 
other pulse and sequence attribute values for species in 
free-flight, such as pulse duration and repetition rate. 



FIGURE 2 Spectral view of typical search-mode pulses by Kimberley S. saccolaimus, displaying different search 
mode pulse shapes. From left to right: level straight ('I s', F pea k 18.7 kHz, duration 19 ms, Slope 0.00 
kHz ms -1 ), slant straight ('si s', 19.9, 16, 0.08), narrow bandwidth slant dished ('si d', 19.4, 18, 0.12), wide 
bandwidth slant dished ('si d', 20.7, 15, 0.29), slant dished with tail ('si d t', 21.3, 15, 0.51), and a second 
version of 'si d t' (21.1, 14, 0.28). 
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In diagnosing pulse sequences, we ignored pulses that 
did not meet the clarity, duration, shape and sequence 
repetition rate criteria used in compiling the library. For 
instance, the echo that partially overlies pulse ‘si d t’ 
in Figure 2 can induce errors such as low Q estimates 
and/or exaggerated duration values. Unknown pulses 
that plotted on the periphery of a pulse cluster in the 
library scatterplot were identified only if they were 
in continuous sequence with pulses that fell within 
the cluster. Unknown pulses that plotted in an area of 
overlap between two species were not identified unless 
they were in continuous sequence with at least three 
pulses that fell in an area of the cluster that was outside 
of the overlap. 

S. saccolaimus was not included in our 2012 
echolocation library for the Kimberley. At that time, 
search mode echolocation sequences were assigned 
to S. flaviventris if they included undistorted pulses 
at 14 <F peakC <21 kHz with Q >11 (strongest harmonic 
‘frequency at peak cycles’ and ‘fineness-of-tuning’, 
respectively, from Anabat recordings) that were >17 ms 
long and emitted at an integer fraction of circa 7 Hz 
(McKenzie and Bullen 2012: i.e. c. 3.7 Hz if emitted 
every second wing beat, c. 2.3 Hz if every third, 
c. 1.75 Hz if every fourth, etc). Oddly, some sequences 
were comprised entirely of pulses at >19 kHz. Also, 
these pulses had unexpectedly high (9-values, given 
the inverse relationship between F peakc and Q shown 
by emballonurid bats (McKenzie and Bullen 2012). 
In addition, the detectable bandwidth of the strongest 
harmonic in these odd pulses was surprisingly narrow 
for field recordings of free-flying S. flaviventris near 
the high end of its search mode frequency range, and 
resembled the pulses in two of the Northern Territory 
S. saccolaimus sequences illustrated by Milne et al. 
(2009: Figs 4b-c). 

Consequently, we have reassigned Kimberley 
sequences to S. saccolaimus if they match, or are in 
continuous sequence with pulse-series that match, 
(1) the Kimberley reference sequence (by specimen 
M49194, flying in open air above tree canopy) and/ 
or (2) the descriptors for sequence-types (b) and (c) 
in Fig. 4 of Milne et al. (2009). Their study identified 
three different search mode sequences from Anabat- 
ZCAIM reference recordings of Northern Territory S. 
saccolaimus, each emitted in a different environmental 
setting. Within each sequence-type, the individual 
pulses were of similar shape. Three distinct shapes 
can be discerned, and are among those illustrated in 
Figure 2: 

1. Narrow bandwidth slant dished (‘si d’) pulses, 
emitted in open air very high above tree canopy 
(Milne’s type (b), Northern Territory Museum 
specimen U4080), 

2. a wide bandwidth version of ‘si d’, emitted ‘ just 
above the tree canopy ’ (Milne’s type (c), NTM 
U5231), and 

3. slant dished with a tail (‘si d t’) pulses, emitted ~2m 
above the ground ’ (Milne’s type (a), NTM U4079). 


In terms of ‘minimum frequency and characteristic 
call frequency’, Milne et al. (2009) concluded that all 
three types were different from pulse sequences by its 
syntopic acoustic neighbour, S. flaviventris, but having 
lumped the three types together for the statistical 
comparison, found '...the call signature could not be 
reliably used to distinguish ’ these two species (p. 506). 

Using ‘species+pulse shape’ as the classification 
variable (see below), Canonical Discriminant Analysis 
(STATISTICA version 6) was used to test whether 
S. flaviventris, S. saccolaimus and C. jobensis 
echolocation sequences could be separated in terms of 
the pulse sequence attributes listed earlier. The data 
points were the averaged ultrasound attributes of each 
sequence in the reference library, the type (b) and 
(c) reference sequences from the Northern Territory, 
and the Kimberley sequences that we assigned to 
S. saccolaimus. Sequences averaging >21.1 kHz were 
excluded to avoid approach-mode pulses. Because 
we do not have an algorithm yielding reliable Slope 
values from Anabat wave files, the 98 data points (57%) 
derived from these recordings could not be included in 
the discriminant function analysis. 

RESULTS 

EXISTING KIMBERLEY SPECIMENS 

Our search of the WA Museum collection revealed 
three additional specimens of S. saccolaimus from 
Kimberley localities (M44078, M24045 and M22535), 
making a total of eight (Table 1), all collected between 
1977 and 2006. Three of the eight specimens came from 
sites that we subsequently sampled using ultrasound 
detectors and, fortuitously, one (M49194) was shot while 
its echolocation pulses were being recorded. 

In terms of adult forearm length and body weight, 
available Kimberley specimens are within the ranges 
reported for Northern Territory specimens: 40.7 g 
(S.D. = 2.6, N = 5) and 73.2 mm (1.9, 7) from Table 
1, compared to 47.2 g (11.6, 3) and 74.9 mm (2.1, 22) 
from Milne et al. (2009), respectively. Also consistent 
with Northern Territory specimens, none of the eight 
Kimberley specimens have naked rumps, and the fur on 
their dorsal surfaces is very dark brown. Two have white 
hairs in one to four diffuse, mid-dorsal patches (M26078 
and M22535). M26078 also has a few individual white 
hairs elsewhere on its back, and M49194 has just two 
such hairs but no patches. Ventral surfaces are covered 
with uniform white or cream fur in all eight cases. 

ECHOLOCATION DETECTIONS IN THE KIMBERLEY 

Pulses comprising the Northern Territory and 
Kimberley reference sequences that were recorded 
from S. saccolaimus flying in open air space (‘above 
the tree canopy’) did not show significant differences 
in Fpeak, Shape, Slope or Dur (Table 2). Two additional 
pulse shapes illustrated in Figure 2 (T s’ and ‘si s’) 
were accepted as S. saccolaimus because they were 
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in-sequence with pulse shapes present in the Northern 
Territory and/or Kimberley reference sequences (‘si d’ 
and ‘si d t’). 

The averaged spectral statistics of the search mode 
echolocation sequences used as data points for the 
discriminant function analysis (DFA) are displayed 
in Table 3. Shape (Figure 2) was used as the grouping 
variable. Because the frequency-, Slope- and (9-values 
of sequences comprising pulse shapes T s’ and ‘si s’, 
as well as ‘si d’ and ‘si d t’, were not statistically 
separable for either C. jobensis or S. saccolaimus (i.e. 
the standard deviations overlapped the averages), these 
shape categories were merged in the DFA. Furthermore, 
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since only a single search mode sequence comprising 
‘ss t’ pulses was observed (by C. jobensis), it could 
not be included in the analysis as a separate group, so 
was added to C. jobensis' s ‘si d t + si d’ group for the 
analysis. Thus, we pooled the C. jobensis sequences into 
two ‘observed’ groups (‘1 s + si s’ and ‘si d + si d t + ss t’), 
S. saccolaimus sequences into two ‘observed’ groups 
(T s’ + ‘si s’ and ‘si d + si d t’), but left S. jlaviventris 
sequences as three groups (T s’, ‘si s’ and ‘si d’). 

Discriminant analysis of these sequences showed 
that the three bat species were distinct in terms of the 
spectral attributes assessed. The first discriminant 
function [Fn(l) = -1.35F peak +0.35 Slope -1.38 Q +0.51 Dur] 


TABLE 2 Comparison of echolocation pulses comprising reference sequences recorded from Northern Territory (NTM 
U4080) and Kimberley (WAM49194) S. saccolaimus: Average (s.d., number of pulses); d.f. = 16, 2-tailed test. 



F jeakC (kHz) 

Slope (kHz ms -1 ) 

Dur (ms) 

Shape 

M49194 

20.7 (0.2, 9) 

0.08 (0.03, 9) 

15.1 (0.8, 9) 

si d 

U4080 

21.0 (0.5, 9) 

0.09 (0.02, 9) 

15.1 (0.7, 9) 

si d 

Student-^ (p.) 

-1.55 (0.14) 

-0.70 (0.49) 

0.00 (1.00) 



TABLE 3 Averaged spectral statistics of the strongest harmonic in search mode echolocation sequences: Mean (s.d.) 

of sequences in terms of the peak frequencies (avF), slopes (avS/ope), avQ and durations (a vDur) of their 
component pulses. Chaerephon jobensis {Cj ), S. saccolaimus {Sc), S. flaviventris {Sf ). Pulse shape categories: 
level straight (I s), slant straight (si s), slant dished (si d), slant dished with tail (si d t) and s-shaped with 
tail (ss t). Total numbers, mean (s.d.) of pulses measured in each shape category are also provided, along 
with number of sequences and different localities represented. Kimberley bioregions are Dampierland (DL), 
Northern Kimberley (NK), Central Kimberley (CK), Ord-Victoria Plains (OVP) and Victoria-Bonaparte (VB). 
Northern Territory (NT) bioregions are Gulf Coast (GUC) and Top End Coast (TEC). 



Shape 

avf 

a m Slope 

a \/Q 

avD/yr 

Seq. 

Pulses 

Localities 

Bioregions 


Is 

14.7 (0.6) 

0.02 (0.01) 

11.1 (0.1) 

16.2 (0.2) 

2 

4 

2 

NK, CK 


si s 

14.6 (0.6) 

0.03 (0.01) 

11.4 (0.9) 

15.3 (0.8) 

3 

13, 4.3 (2.1) 

3 

NK, DL 

Cj 

si d 

18.4 (1.8) 

0.43 (0.18) 

8.4 (1.8) 

13.0 (1.9) 

7 

20, 2.9 (2.6) 

4 

NK, VB, CK, DL 


si d t 

17.9 (1.5) 

0.36 (0.16) 

9.9 (1.2) 

14.6 (1.3) 

13 

100, 7.7 (5.4) 

6 

NK, VB, CK, DL 


ss t 

20.7 

0.95 

6.2 

10.0 

1 

9 

1 

VB 


Is 

19.6 (0.5) 

0.05 (0.02) 

16.1 (0.3) 

18.1 (0.7) 

3 

22, 7.3 (3.2) 

2 

NK, DL 


si s 

20.0 (0.7) 

0.14 (0.08) 

15.1 (1.2) 

17.4 (3.1) 

5 

16, 3.2 (3.3) 

4 

NK, DL 

Sc 

si d 

20.4 (0.4) 

0.28 (0.09) 

12.9 (1.2) 

15.0 (2.6) 

16 

83, 5.2 (4.1) 

13 

NK, VB, CK, DL and GUC. 
TEC in the NT 


si d t 

20.4 (0.5) 

0.31 (0.04) 

13.0 (1.1) 

14.3 (1.2) 

4 

9, 2.3 (1.9) 

3 

NK, VB, DL 


Is 

16.7 (1.0) 

0.05 (0.02) 

13.0 (0.3) 

17.8 (1.0) 

6 

23, 3.8 (4.6) 

4 

NK, VB, CK, DL 

Sf 

si s 

17.7 (1.0) 

0.10 (0.02) 

13.1 (0.8) 

18.5 (1.8) 

4 

16, 4.0 (2.4) 

3 

NK, VB, DL 


si d 

19.6 (1.1) 

0.33 (0.16) 

11.5 (2.2) 

14.2 (4.2) 

13 

40, 3.1 (2.2) 

11 

NK, CK, OVP, DL 
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TABLE 4 Pulse fineness-of-tuning (Q) statistics according to F P eak- Comprises Q Ana bat and Q s M2/3.0 values. Average 
Q (s.d.), Tn' = number of reference pulses, TN' = number of reference sequences, 'n' = number of pulses, 
'N' = number of sequences, 'p/s' = average number of pulses per sequence (s.d.). 



Fpaak(Khz) 

<16 

16 

17 

18 

19 

20 

21 

22 

Totals 


Q 

11.1 (1.0) 

11.4 (1.5) 

10.5 (1.8) 

9.4 (1.9) 

8.7 (1.6) 

7.1 (1.4) 

7.1 (1.3) 



Q 

rn, rN 

37,9 

36, 12 

59, 20 

74, 22 

59, 22 

43, 18 

10,8 


318, 42 


p/s 









7.6 (6.0) 


Q 

13.6 (1.2) 

13.1 (0.9) 

13.5 (1.2) 

13.6 (1.8) 

12.2 (2.5) 

9.4 (1.2) 

8.9 (1.8) 



Sf 

rn, rN 

11,8 

51, 10 

66, 17 

55, 17 

59, 16 

29, 13 

4,4 


275, 48 


p/s 









5.8 (6.7) 


Q 




16.4 (1.9) 

14.8 (1.6) 

13.1 (1.9) 

11.2 (2.1) 

8.3 (1.4) 



n, N 




6,2 

93, 15 

91,21 

51, 10 

13,3 

254, 36 

Sc 

rn, rN 




0,0 

4, 1 

20,3 

13,2 

0,0 

37,3 


p/s 6.4 (6.6) 


had a canonical correlation coefficient of 0.96 and 
accounted for 90% of the observed variance in the 
echolocation data (p. < 0.00001). The second function 
[Fn(l) = -0.18F P eak +0.85 Slope -1.06 Q +0.08 Dur] had a 
canonical correlation coefficient of 0.71, accounted for 
9% of the remaining variation, and was also significant 
(p. < 0.00001). The coefficients in these functions have 
been standardised; they reveal the relative contributions 
of the spectral attributes in separating species and their 
shape groups. 

Unstandardised coefficients were used to generate the 
discriminant scatterplot (Figure 3). Only one of the 77 
sequences was classified to the wrong species (posterior 
probability assignments are tabulated in Appendix 2). 
An ‘assigned’ sequence of five 14 ms ‘slant-dished’ 
pulses (Sc2 125), it was originally assigned to S. 
saccolaimus , but classified to S. flaviventris (posterior 
probability = 0.62) rather than S. saccolaimus (0.37) 
because its average Q of 10.9 was slightly low for S. 
saccolaimus at 20.6 kHz (see Table 4, above). The three 
reference S. saccolaimus sequences were correctly 
classified: M49194 (ScrK, posterior probability 0.91), 
U4080 (ScrNToc, 0.92) and U5231 (ScrNTac, 0.73). We 
conclude that Kimberley S. saccolaimus sequences are 
consistent with their Northern Territory counterparts but 
distinct from S. flaviventris and C. jobensis. 

The coefficients of the standardised discriminant 
functions listed above reveal that two of the four 
variables contributed most to species separation 
(Apeak and Q). To widen the comparison, characterise 
the differences and simplify species recognition, we 
tabulated these two variables for the individual search 
mode echolocation pulses comprising (1) S. flaviventris 
and C. jobensis reference sequences from the Kimberley 
and elsewhere in tropical Western Australia, (2) 


the Kimberley sequences that were classified as S. 
saccolaimus by the DFA, and (3) S. saccolaimus 
reference sequences from the Northern Territory and 
Kimberley (Table 4). 

The differences in Q were significant (p. < 0.05) 
because the standard deviation did not overlap the mean 
of another species in any frequency band (Table 4). In 
search-mode, S. saccolaimus uses the upper half of the 
frequency band occupied by syntopic C. jobensis and S. 
flaviventris (Table 4), but at these frequencies (between 
18.7 and 21.1 kHz), S. saccolaimus pulses are more 
finely tuned (i.e. have higher Q, Student-^ = -4.620, p. 
< 0.0001, d.f. = 39, 2-tailed test) and have lower Slope 
values (t = -3.709, p. < 0.0001, 31 (Table 3)). Appendix 3 
provides relevant statistics for the pulse-shape categories 
of Kimberley S. saccolaimus, S. flaviventris and C. 
jobensis. 

With an average A peak of 23.1 kHz, S. saccolaimus 
sequences from a Queensland population (Table 5) were 
2.8 kHz higher than their Northern Territory/Kimberley 
counterparts, but consistent in all other characters 
assessed. 

Overall, echolocation sequences referrable to S. 
saccolaimus were recorded at 40 (Figure 1, Appendix 4) 
of the 173 Kimberley sites where ultrasound recorders 
were deployed. The recordings confirm that it occurs 
throughout all five Kimberley bioregions (Table 3), 
and forages over all major ecosystems, both sub- 
humid and semi-arid. Sequences were recorded from 
tropical woodlands and savannas on rugged sandstone 
and limestone uplands, ranges and gorges, as well as 
Carson Volcanics hill country, paperbark woodland 
associated with coastal sand dunes, mangroves, pindan 
on sandplains, and riparian forests. 
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TABLE 5 Search-mode echolocation sequence statistics of Queensland (Qld) S. saccolaimus (Sc) derived from 
the strongest harmonic of free-flying pulse sequences (mean (s.d.)). The first column is derived from faint 
background sequences in the Cairns roost recordings supplied by G. Ford - probably individuals flying in more 
open airspaces above the trees. The second column is from individuals recorded as they flew towards the 
microphone after emerging from a roost. These sequences were recorded using a Wildlife Acoustics EM- 
Touch 'full wave' ultrasound recorder at a sampling rate of 250 kHz. Parameters are explained in Table 3. 
'Shape' refers to the pulse's appearance in spectral view (see Figure 2). 



Qld Sc 

Qld Sc 

Total 

avF peak range 

21.3-22.8 

23.8-24.7 


avAp Ca k (kHz) 

22.1 (0.4) 

24.2 (0.3) 

23.1 (1.1) 

a vDur (ms) 

17.9 (1.1) 

14.1 (1.4) 

16.1 (2.4) 

a vSIope (kHz ms 1 ) 

0.07 (0.01) 

0.12 (0.01) 

0.09 (0.03) 

Shape 

si s, si d, si d t 

si d, si d t 


locations 

1 

1 

1 

sequences 

9 

8 

17 

pulses 

31 

52 

83 

pulses per sequence 

5.3 (2.5) 

4.7 (2.1) 
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FIGURE 3 Standard DFA scatterplot of unstandardised canonical coordinates for sequences. Fn(1) Chi-square = 230.6 
(d.f. = 24, p. < 0.00000), and Fn(2) Chi-square = 59.1 (15, <0.00000). Cj (C. jobensis), (Sc) S. saccolaimus and 
(Sf) S. flaviventris. The three reference S. saccolaimus sequences are circled and the misclassified sequence 
point is crossed. 
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DISCUSSION 

Voucher specimens in Western Australian Museum 
collections confirm that two species of Saccolaimus were 
extant in the Kimberley at least until 2006: S. flaviventris 
and S. saccolaimus. Like their Northern Territory 
counterparts, the two Kimberley Saccolaimus are so 
similar externally that zoologists had treated them as a 
single species. A DNA-verified S. saccolaimus specimen 
was collected at 15°45’S, 129°10’E (Milne et al. 2009), 
only 20 km north-east of our detection site 89 (Figure 
1). Given its mode flight speed is c. 8 m/s (26 km/h) and 
the continuity in appropriate habitat, we surmise that the 
Kimberley population is continuous with the Northern 
Territory population. The eight S. saccolaimus specimens 
were collected from landward environments of three 
Kimberley bioregions: Northern Kimberley (4 locations), 
Dampierland (3) and Ord-Victoria Plains (1). 

Our analysis of ultrasound recordings from the 
Kimberley confirm that both species persist there today. 
For pulses of the same shape (‘si d’), the search-mode 
parameters of the vouchered central Northern Territory 
and western Kimberley sequences showed no significant 
differences. In fact, most Kimberley sequences matched 
one of the three ‘flight-space specific’ search-mode 
sequence-types documented for Northern Territory 
S. saccolaimus by Milne et al. (2009, p. 504), and 
the discriminant function analysis classified these 
Northern Territory sequences to the same species as 
the Kimberley S. saccolaimus sequences (Figure 3). 
Furthermore, these Northern Territory and Kimberley 
sequences showed the same narrow bandwidth (3.5 kHz, 
i.e. 18.7-22.2), in contrast to the wider bandwidth of S. 
flaviventris (6 kHz, i.e. 15-21) (Table 4). 

The third Northern Territory reference sequence 
also showed a similar pulse shape (‘si d t’) to some 
Kimberley sequences, although its pulses were shorter in 
duration (10 vs 13 ms), and higher in frequency (22.9 vs 
21.1 kHz), so we cannot exclude the possibility that this 
Northern Territory sequence is in transition to approach 
mode. Even so, in terms of these two spectral variables, 
this Northern Territory sequence is within two standard 
deviations of comparable sequences from the Kimberley 
(Appendix 3). 

In combination, our detection of S. saccolaimus at 
40 of the 173 sites sampled in the Kimberley, in all 
five Kimberley bioregions, and in both landward and 
mangrove communities (Figure 1 and Appendix 4), 
suggests that this species is widespread at the western 
end of its Australian range. We detected S. saccolaimus 
foraging over all major ecosystems in the Kimberley, 
both sub-humid and semi-arid. Its habitats in the 
Northern Territory and Queensland are known to be 
similarly diverse, including Eucalyptus miniata-E. 
tetradonta woodland (Milne et al. 2009) as well as 
mangroves, lowland tropical rainforest and littoral forest 
(Meutstege et al. 2014). 

The echolocation signatures identified in this study 
will provide a quick, unambiguous basis for field 
survey of S. saccolaimus, without disrupting the normal 
activities of this vulnerable bat. 
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ELECTRONIC APPENDICES 

1 Comparison of Q^b values derived from Anabat and SM2BAT+ recordings of search mode echolocation sequences by 
S. flaviventris and T georgianus. 

2 Posterior probability matrix derived from the discriminant function analysis. 

3 Statistics of the strongest harmonic in search-mode echolocation pulses according to shape. 

4 Site location, habitat and bioclimatic attributes. 


An electronic version of these appendices are available to download here: 
http://dx.doi.Org/10.18195/issn.0312-3162.33(2).2018.135-144 
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ABSTRACT - Freshwater wetlands are the most threatened major habitat type globally and 
freshwater birds are consequently disproportionately threatened among birds worldwide. These facts 
emphasise the need for obtaining detailed data on the occurrence and abundance of waterbirds 
against which to compare population trends and management actions designed to maintain 
populations. In response to this need we present information on the occurrence, seasonality and 
abundance of waterbirds and landbirds at Lake McLarty Nature Reserve, located approximately 
85 km SSW of Perth, Western Australia. Most of the reserve consists of Lake McLarty, a shallow 
freshwater lake, with a narrow (~40 m wide) fringe of riparian paperbarks (Melaleuca spp.) and 
Flooded Gums (Eucalyptus rudis ) along ~90% of the lake's margin. A total of 100 species of 
waterbird and 78 species of landbird have been recorded at the reserve. Of the landbirds, the 
reserve provides habitat for one globally threatened species and one globally threatened subspecies 
as well as a range of species declining regionally. On the basis of its waterbird populations, Lake 
McLarty qualifies as a wetland of international importance in its own right. Over 20,000 waterbirds 
have been recorded on the reserve on 19 separate dates between 1996 and 2008. The reserve has 
also supported >1 % of the global population of six species and >1 % of the flyway population of one 
additional species. Furthermore, the lake has supported numbers exceeding these thresholds on 
as many as 50 dates, depending on the species, indicating that the reserve consistently supports 
globally significant populations of most of these species. Despite the importance of the reserve for 
waterbird populations, it faces serious threats from a variety of factors of which our data indicate that 
the changed hydroperiod resulting from reduced rainfall and, likely, groundwater extraction from an 
adjacent residential development, is the most significant. This changed hydroperiod, which means 
the lake is now normally dry for four to seven months annually, has also resulted in the increased 
expression of acid sulphate soils and colonisation of the lakebed by terrestrial plants. All of these 
threats combine to reduce the habitat quality that Lake McLarty provides for waterbirds. There are 
current plans to return the lake to an earlier hydroperiod, where it dries for between one and three 
months annually, and the data presented here should provide a robust baseline against which to 
assess the success of any future management actions. 


KEYWORDS: waterbird, wetland, landbird, degradation, management, conservation, climate change 



146 


MICHAEL D. CRAIG, GLENN I. MOORE, TONY KIRKBY, MARCUS SINGOR, BILL RUSSELL AND JOHN GRAFF 


INTRODUCTION 

Wetlands have been degraded and lost at higher rates 
than any other ecosystem and freshwater ecosystems 
are particularly threatened and are the most threatened 
major habitat type globally (Holland et al. 2012). 
Consequently, freshwater vertebrate species are 
declining faster than those in either terrestrial or 
marine realms and freshwater birds are no exception 
with 55% of waterbird species declining globally and 
17% threatened with extinction, both percentages 
higher than those for all birds (Birdlife International 
2017). Historically, the main threats to wetlands 
globally have been the overexploitation of wetland 
resources including fish, pollution from agricultural 
and industrial processes, flow modification to provide 
water for cities and especially crops, invasive species 
and habitat destruction or degradation (Dudgeon et al. 
2006; Laurance et al. 2014). While all of these threats 
continue to degrade wetlands, recently climate change 
has become an additional significant threat, changing 
hydrological regimes and further contributing to the 
degradation and loss of wetlands (Strayer and Dudgeon 
2010). These increasing threats make it critical to 
improve our knowledge of the populations and ecology 
of waterbirds and establish baseline data for a range of 
wetlands in order to more accurately assess the effect 
of climate change and other threats into the future. In 
order to provide these baseline data, we provide here a 
summary of the waterbird and landbird species recorded 
at Lake McLarty, an internationally significant wetland, 
in south-western Western Australia, an area that has lost 
the majority of its wetlands since European settlement 
and is also suffering a significant reduction in rainfall 
due to climate change (Cai and Cowan 2006). 

Lake McLarty Nature Reserve (32°41'14.9"S, 
115°42'51.2"E) is a Class A reserve, 219 ha in area 
located on the eastern side of the Harvey Estuary 
approximately 85 km SSW of Perth in south-western 
Australia (Figure 1). Most of the reserve consists of 
Lake McLarty, a shallow lake, with a narrow (-40 m 
wide) fringe of riparian paperbarks {Melaleuca spp.) 
and Flooded Gums {Eucalyptus rudis ) covering -90% 
of the lake’s margin. Lake McLarty is recognised, based 
primarily on the waterbird populations it supports, as 
a wetland of national significance in the Directory of 
Important Wetlands in Australia (Environment Australia 
2001), as a Conservation Category Wetland in the 
Geomorphic Wetlands Swan Coastal Plain dataset and 
as a Key Biodiversity Area by Birdlife International 
(Birdlife International 2018). In addition, it is also part 
of the Peel-Yalgorup system, which is included on the 
List of Wetlands of International Importance, commonly 
known as the Ramsar Convention (Ramsar Sites 
Information Service 2018). Within the Peel-Yalgorup 
system, which is a complex of wetlands, Lake McLarty 
lies -600 m E of Peel-Harvey Estuary, a shallow 
saline to hypersaline wetland -13,600 ha in area, and 
lkm S of Lake Mealup, which is a shallow freshwater 


wetland, smaller than Lake McLarty at -90 ha in area 
(Department of Environment and Conservation 2008). 
Fringing riparian vegetation around Lake McLarty is 
contiguous with remnant native vegetation that extends 
north -7.5 km almost to Point Grey and south -8.5 km 
to the southern end of the Peel-Harvey Estuary, forming 
a relatively large remnant of native vegetation (Figure 1). 

Lake McLarty is a shallow, oval, medium-sized, 
seasonal freshwater to brackish lake with a gently sloping 
bottom that covers a maximum area (since 1998) of 209 
ha of the reserve. The lake bed comprises a thin layer of 
silt that develops into a thicker layer (40 mm maximum) 
of silty mud at the northern end. This overlays a firm 
sand with shell fragment substrate (Craig et al. 2001). 
Lake McLarty is primarily a surface expression of the 
groundwater, although it does have a small (650 ha) 
surface water catchment, with water levels rising and 
falling seasonally, depending on rainfall. Water is fresh 
when filled in the winter/spring season and gradually 
becomes more brackish as water levels drop until it 



FIGURE 1 Aerial photograph of Lake McLarty (centre) 
and the surrounding region showing the 
narrow fringe of riparian vegetation around 
the lake, Peel-Harvey Estuary to the west, 
Lake Mealup to the north, native remnant 
vegetation to the north-west and south, 
farmland to the east and the residential 
subdivision along the entire western side 
of the lake. Photograph was taken on 25 
August 2017 when the lake had a water 
depth of 660 mm and an area of 160 ha. 
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reaches a concentration about 1/3 of seawater just before 
it dries (Muirden 2017). As water levels fall in spring and 
summer, the lake first dries relatively slowly, from 209 
ha at 1.48 m depth to 175 ha at 0.88 m and 142 ha at 0.58 
m depth, after which it starts to dry more rapidly from 
92 ha at 0.28 m depth to 61 ha at 0.18 m and 1.5 ha at 
0.06 m depth (Muirden 2017). Before 2006, the lake 
typically reached peak water levels around October 
each year and then dried in early April and was dry 
for approximately two months. However, since 2006 
reductions in rainfall, likely combined with groundwater 
extraction from the rural residential subdivision, have 
caused the lake to dry much sooner in late November and 
early December and remain dry for four to seven months 
(Muirden 2017). 

Aboriginal history on the reserve is essentially 
unknown. Although Lake McLarty was presumably 
used as a resource by Bindjareb Nyoongar people over 
a long period, no sites of significance are known around 
the lake (Department of Environment and Conservation 
2008). European history at Lake McLarty started in 
1848 when Arthur Birch established a farm around the 
lake and commenced clearing of land on the western, 
southern and eastern sides of the lake to grow wheat and 
graze cattle, sheep and horses. Clearing continued over 
the next century until most of the land surrounding Lake 
McLarty had been converted to farmland, and cattle 
continued to graze within the reserve up until around 
2001 (Department of Environment and Conservation 
2008). In 2005, 26 ha adjacent to the western and south¬ 
western boundaries of the reserve were sold as a rural 
residential subdivision. As of 2017, the subdivision 
contained 45 dwellings with a requirement to retain all 
trees and vegetation, although bores have been installed 
to extract groundwater for residential activities. 

Lake McLarty supports diverse and abundant 
populations of waterbirds (Burbidge and Craig 
1996) which results in the lake being popular with 
birdwatchers, primarily over late spring and summer 
(November to March) when both the numbers of, 
and diversity of, waterbirds peaks. Visitation by 
birdwatchers and other recreational users of the 
reserve were predicted to increase into the future, both 
through improved access to the lake from the recently 
constructed Forrest Highway that runs only 3 km to the 
east of the reserve, and the new adjacent rural residential 
subdivision that will increase in population into the 
future (Department of Environment and Conservation 
2008). 

Given these anticipated increased visitation rates, 
combined with changed climatic and hydrological 
regimes leading to earlier dying of the lake, there are 
clear threats to the importance of Lake McLarty for 
conservation. Hence, we here provide a baseline of the 
birds recorded at Lake McLarty and the surrounding 
riparian vegetation within the reserve against which any 
future change can be compared. 


METHODS 

The annotated list presented here is based on two 
main types of data: (1) complete waterbird counts, 
where an attempt was made to accurately count every 
waterbird present; and (2) individual records, which 
were either counts of (a) only some of the waterbird or 
landbird species present or (b) records of their presence 
only. The primary dataset was 130 complete waterbird 
counts, with incidental landbird records, conducted by 
Michael Craig and Glenn Moore between 27 December 
1985 and 11 February 2018, which included monthly 
counts from August 2004 to July 2009. This dataset 
was supplemented by 33 complete waterbird counts 
by Tony Kirkby, eight of which also had incidental 
landbird records, and four complete waterbird counts, 
with incidental landbird records, by Marcus Singor. 
There were also numerous additional records from 
Tony Kirkby, Marcus Singor, Bill Russell and John 
Graff as well as the datasets from the South-West 
Waterbirds Surveys (Jaensch et al. 1988), Scopewest 
(Storey et al. 1993) and waterbird and landbird records 
from John Darnell, including 41 complete waterbird 
counts. In addition, we searched all issues of Western 
Australian Bird Notes for records and checked the 
Birdlife Australia Western Australia Group sightings 
webpage (http://birdswa.com.au/sightings.htm) for 
sightings from Lake McLarty. We also downloaded 
data for Lake McLarty from eBird and vetted those 
records. We excluded eBird records if the list included 
species (e.g. White-breasted Robin) that indicated the 
list had been collected over a much larger area than 
Lake McLarty Nature Reserve, the list included an 
otherwise unrecorded species where a similar, common 
species was unrecorded (e.g. Brown Quail but no 
Stubble Quail), or the bird was vastly out of range (e.g. 
Grey Goshawk). We also excluded other records if there 
were no details of the sighting or who recorded the 
species (e.g. Restless Flycatcher). This resulted in us 
retaining a total of 17,745 species records at the reserve, 
representing more than 2,500,000 individual birds. 

Both complete waterbird counts and all records 
showed temporal biases with relatively few counts 
or records prior to 1995 (Table 1). Most complete 
waterbird counts occurred between 1995 and 2009, with 
relatively even coverage over that 15 year period but 
relatively few complete counts conducted outside that 
period. The number of records was highest between 
1995 and 2014 but records were not evenly spread 
over that period with there being approximately twice 
as many records between 2005 and 2009 than the 
remaining five-year periods during this time Although 
we refer to these as ‘complete’ waterbird counts, it 
is highly likely that these counts overlooked many 
individuals of cryptic waterbird species confined to 
reedbeds (e.g. crakes) although it is also highly likely 
that most individuals of open water and edges were 
recorded. Landbirds were recorded incidentally during 
the course of waterbird surveys, although they were 
rarely targeted, so landbird numbers recorded would 
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have been influenced both by the time of day and time 
of year of waterbird surveys. Fewer landbirds would 
have been recorded during surveys at low water levels 
(because observers would have been more distant from 
fringing vegetation) or during the middle of the day. 

Each waterbird species entry begins with a general 
comment on the species’ abundance. We classified 
waterbird abundances in nine categories: (1) Abundant 

— recorded on most surveys, often in very large 
numbers (>1,000 individuals); (2) Very common — 
recorded on most surveys, often in large numbers (>100 
individuals); (3) Common - recorded on most surveys 
in small numbers (<100 individuals); (4) Frequent — 
recorded on 25 to 50% of surveys; (5) Uncommon 

— recorded on <25% of surveys but sometimes in 
moderate numbers (>10 individuals); (6) Scarce — 
recorded on <25% of surveys and typically in small 
numbers (<10 individuals); (7) Rare — fewer than 5 
records; (8) Very rare — recorded once but could occur 
again; and (9) Vagrant — recorded once and unlikely 
to occur again. The proportion of surveys in which a 
species was recorded relates to only surveys when the 
species was likely to be present (e.g. excluding surveys 
when migratory species were absent). We then present 
information on the seasonal occurrence of the species 
at Lake McLarty and the months and water depths 
when peak numbers occurred. This is followed by any 
relevant comments on the occurrence of the species, 
e.g. if it has declined or increased in abundance in the 
last 35 years. A list of the months when the species has 
been recorded as well as any breeding records and the 
date of the maximum count and number of birds counted 
follows. Each landbird species entry also begins with 
a general comment on the species’ abundance but, due 
to the lack of systematic surveys, these are more an 
assessment of their relative presence and abundance. For 
landbirds, we also provide information on the months 
when species were recorded, as well as any breeding 
records, but we did not provide maximum counts 
because the area sampled differed between surveys 
and so numbers recorded were not directly comparable. 
Instead, we mention if large numbers of any landbird 
species were recorded. We obtained global population 
estimates and population estimates for the East Asian- 
Australian flyway from the Wetlands International 
Waterbird Population Estimates online database (http:// 
wpe.wetlands.org/). For the annotated list, we followed 
the taxonomy of Johnstone and Darnell (2018) and 
classify a species as a waterbird if it is dependent on 
water (Jaensch et al. 1988). Water depths were measured 
on the permanent depth gauge located at the lowest point 
of the lake. 

RESULTS 

A total of 178 species have been reliably recorded in 
Lake McLarty Nature Reserve, including 100 waterbird 
species and 78 landbird species. Among waterbird 
species, five were considered abundant, seven very 


TABLE 1 Variations in the number of complete 
waterbird counts and number of records 
over five-year time periods. Note that the 
number of waterbird counts was much 
higher from 1995 to 2009 than at other 
times while the number of records was 
highest from 2005 to 2009. 


Number of total Number of 


Period (years) 

waterbird counts 

records 

1980-1984 

0 

159 

1985-1989 

3 

371 

1990-1994 

10 

779 

1995-1999 

55 

2,603 

2000-2004 

63 

3,070 

2005-2009 

65 

5,837 

2010-2014 

6 

3,135 

2015-2018 

6 

1,791 

All years 

208 

17,745 

TABLE 2 All 

19 dates when the 

total count of 


waterbirds exceeded 20,000 individuals, 
one of the criteria for considering a wetland 
to be of international importance (Ramsar 
2018). Also shown is the water depth (if 
recorded) on each date. 


Date 

Water 
depth (mm) 

Total number 

of waterbirds 

27 December 2002 

340 

39,249 

29 December 2002 


35,852 

23 February 1997 

310 

34,104 

16 January 2003 

140 

31,256 

31 January 2005 

280 

30,479 

25 January 1998 


30,177 

17 February 2005 

120 

29,547 

20 January 1998 

300 

29,110 

25 February 1996 

240 

26,694 

15 December 2002 


26,347 

5 February 2004 


26,020 

17 February 1998 

220 

23,437 

20 January 2004 

310 

23,292 

1 February 2004 


22,739 

22 December 2002 


21,987 

4 February 2005 


21,820 

26 January 1999 

125 

21,593 

12 January 2008 

100 

21,265 

5 January 2003 


20,297 






BIRDS OF LAKE McLARTY 


149 


common, 10 common, 10 frequent, 22 uncommon, 20 
scarce, 12 rare, eight very rare and six vagrant. Among 
landbird species, three were considered abundant, 10 
very common, 15 common, 10 frequent, 16 uncommon, 
nine scarce, 10 rare, two very rare and three vagrant. 

The highest number of waterbirds recorded at Lake 
McLarty was 39,249 individuals on 27 December 2002 
and 35,852 were still present on 29 December 2002. 
Between 1996 and 2005, there were a further 17 dates 
when more than 20,000 waterbirds were recorded, which 
all occurred between 15 December and 25 February 
(Table 2). The highest species richness of waterbirds 
recorded at Lake McLarty was 46 species on 26 
December 1997 and 17 January 2009. There were eight 
further dates, between 1992 and 2004, when 40 or more 
waterbird species were recorded, which all occurred 
between 26 December and 29 January (Table 2). 

ANNOTATED LIST 

WATERBIRDS 

Black Swan 

Cygnus atratus (Latham, 1790) 

Very common. Numbers peaked between late October 
and late April. Abundance varied little in relation to 
water depth and was only absent when the lake was dry. 
Recorded : All months. 

Breeding : Many records and probably bred each year. 
Nests (up to 11) with sitting adults observed in July 
1990, July 1997, August 1998, August 2002, August 
2007, August 2009, January 2017 and September 2017 
and adults with cygnets observed in February 1984, 
October 1984, October 1986, September 1997, January 
1999, October 1999, September 2003, September 2005, 
November 2006 and October 2013. 

Maximum : 2,088 on 19 December 2008. 

Freckled Duck 

Stictonetta naevosa (Gould, 1841) 

Scarce visitor in late spring and early summer. All 
records between late September and late January. Most 
common when water depth was above 660 mm and not 
recorded when water depth was below 420 mm. Most 
records were of birds among the Paperbarks {Melaleuca 
raphiophylla ) in the south-west corner. 

Recorded : January, September to December. 

Breeding: November 1997 (unconfirmed). 

Maximum : 18 on 31 December 2005. 

Australian Shelduck 

Tadorna tadornoides (Jardine and Selby, 1828) 

Abundant. In most years numbers were very high 
(>4,500) between late October and late November, 
which likely represents large congregations of moulting 


individuals, and remained high (up to 2,250) until 
mid-March after which numbers were lower (<300). 
Presumably this species uses the lake as a moulting area 
in October and November. Numbers were highest (>850) 
when the water depth was above 230 mm and was only 
absent when the lake was dry. 

Recorded: All months. 

Breeding: Pair with young in September 1997, 
September 2006 and September 2017. 

Maximum : 9,432 on 22 October 1997. 

Pink-eared Duck 

Malacorhynchus membranaceus (Latham, 1802) 

Irregularly uncommon to common. Most high counts 
(>350) were recorded between late December and late 
February, although up to 889 were present between 
late October and late December 1997, but the species 
was very patchy in occurrence and was often absent. 
For example none were recorded between March 
1998 and February 1999. Most common (>400) 
when water depth was between 220 and 310 mm, but 
730 were recorded at a water depth of 960 mm on 
23 November 1997. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 2,480 on 4 February 1995. 

Australian Wood Duck 
Chenonetta jubata (Latham, 1802) 

Uncommon visitor during most of the year. The sparse 
records did not correspond with any particular water 
depth. 

Recorded: January, April to December. 

Breeding: None recorded. 

Maximum : 18 on 9 December 2000. 

Mallard 

Anas platyrhynchos Linnaeus 1758 

Rare visitor. The only records were single birds on 
20 January 2004, 14 May 2006 and 17 January 2009. A 
feral species in small numbers on Swan Coastal Plain. 

Pacific Black Duck 

Anas superciliosa Gmelin 1789 

Abundant. Numbers peaked in summer-autumn 
between late November and early May (>2,000) and 
when water depth was between 230 and 470 mm and the 
species was absent when water depth fell below 110 mm. 
Recorded: All months. 

Breeding: Several records, probably bred every year. 
Adults with ducklings seen in August, September and 
October 1997, September 1998, October 1999 and 
November 2006. 

Maximum : 8,034 on 6 May 2006. 
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Australasian Shoveler 
Anas rhynchotis Latham, 1802 

Common. Numbers peaked (>380) in summer-autumn 
between late December and mid-April, although up to 
460 birds were present in July 2006. Numbers were 
highest (>380) when the water depth was between 180 
and 680 mm. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 810 on 20 January 1998. 

Northern Shoveller 

Anas clypeata Linnaeus 1758 

Vagrant. One male was seen 16 February 1997 (see 
Darnell 1997 for more details). 

Grey Teal 

Anas gracilis Buller 1869 

Abundant. Numbers were highest (>2,000) between 
late December and late April, lower at other times of 
the year. Numbers were highest (often >6,000) when the 
water depth was between 125 and 420 mm, no more than 
3,100 recorded at other depths. 

Recorded: All months. 

Breeding: Several records, probably bred every year. 
Adults with ducklings seen in August 1997, September 
1998, September 1999 and October 1999. 

Maximum : 18,405 on 27 December 2002. 

Chestnut Teal 

Anas castanea (Eyton, 1838) 

Uncommon. Usually only one or two males present. 
Counts primarily of males only, but females were 
presumably equally abundant. Recorded at a wide range 
of water depth and no obvious relationship between 
abundance and water depth. 

Recorded: All months. 

Breeding: None recorded and primarily a non¬ 
breeding visitor to the Swan Coastal Plain. 

Maximum : 8 on 1 January 2003. 

Hardhead 

Aythya australis (Eyton, 1838) 

Frequent. Occurred primarily between late July and 
late January with only small numbers (<50) recorded 
between February and April. Numbers peaked (>130) 
when water depth was over 650 mm and not present 
when the water depth fell below 230 mm. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 441 on 23 November 1997. 

Blue-billed Duck 

Oxyura australis Gould, 1837 

Uncommon. Numbers were highest (>20) between late 
July and late December with only scattered records of 


less than 10 birds at other times of the year. Absent when 
water depth fell below 420 mm. 

Recorded: January to May, July to December. 
Breeding: Males observed displaying in October 1999. 
Maximum : 119 on 29 August 1997. 

Musk Duck 

Biziura lobata (Shaw, 1796) 

Uncommon. Numbers showed no obvious temporal 
pattern so abundance seems more related to water levels 
in any particular season than to the month. Generally 
favours deeper waters as reflected by numbers peaking 
(>50) when water depth was over 950 mm and absent 
when water depths fell below 310 mm. 

Recorded: January to April, June to December. 
Breeding: Males frequently seen displaying between 
July and October. Nest with eggs was found in shrubs at 
the north end of the lake in October 1984 and adults with 
ducklings seen in November 1997. 

Maximum : 200 on 5 November 2000. 

Australasian Grebe 

Tachybaptus novaehollandiae (Stephens, 1826) 

Uncommon, recorded almost year round. Always in 
smaller numbers than the following species and usually 
no more than 16 present. No obvious peak in numbers 
but not observed when the water depth was below 230 
mm. 

Recorded: January to August, October to December. 
Breeding: None recorded. 

Maximum : 55 on 21 January 2006. 

Hoary headed Grebe 
Poliocephalus poliocephalus 
(Jardine and Selby, 1827) 

Common. Numbers peaked (>500) from late 
September to mid-March and when the water depth was 
over 620 mm, although the maximum count occurred at 
a water depth of 300 mm. Not present when the water 
depth was below 220 mm. This species was unusually 
abundant from late September 1997 to early February 
1998 when between 700 and 3,386 birds were present. 
Recorded: All months. 

Breeding: None recorded. 

Maximum : 3,386 on 20 January 1998. 

Great Crested Grebe 

Podiceps cristatus (Linnaeus 1758) 

Scarce visitor, only recorded from September to 
February. No obvious peak in abundance during the 
months it was present and no obvious relationship 
between abundance and water depth. Up to 28 birds 
were seen in the early 1980s but recent sightings were of 
no more than 8 birds and the most recent sighting was a 
single bird on 1 February 2009. The lake has probably 
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become less attractive for this species as the emergent 
vegetation has disappeared. 

Breeding: Young present on 22 January 1983. 
Recorded: January, February, September to December. 
Maximum : 28 on 22 January 1983. 

Australian White Ibis 
Threskiornis moluccus (Cuvier, 1829) 

Common, although much less so between April 
and October when fewer than 15 birds were present 
and apparently absent in June. Numbers peaked (>50) 
between late November and late February. Not recorded 
when water depth fell below 240 mm. 

Recorded: January to May, July to December. 
Breeding: None recorded. 

Maximum : 164 on 21 January 2006. 

Straw-necked Ibis 

Threskiornis spinicollis (Jameson, 1835) 

Frequent, recorded most of the year. Numbers peaked 
(>50) between October and January although the 
maximum count was recorded in July. Not recorded 
when water depth fell below 240 mm. Many records 
were of birds flying overhead. 

Recorded: January to May, July to December. 
Breeding: None recorded. 

Maximum : 290 on 29 July 2003. 

Glossy Ibis 

Plegadis falcinellus (Linnaeus, 1766) 

Uncommon visitor, recorded only during spring and 
summer. Numbers peaked (>25) between late October 
and early January although there was no obvious 
relationship with water depth. 

Recorded: January to March, September to December. 
Breeding: None recorded. 

Maximum : 110 on 25 December 2004. 

Royal Spoonbill 
Platalea regia Gould, 1838 

Rare visitor. Only records were of single birds on 26 
January 1994 and flying over the lake on 23 February 
2014. 

Yellow-billed Spoonbill 
Platalea flavipes Gould, 1838 

Common. Numbers peaked (>30) between late 
January and early May. Most abundant (>50) when 
water depth was between 240 and 460 mm. Often seen 
roosting in dead Paperbarks {Melaleuca raphiophylla ) at 
northern end and south-west corner of the lake. 
Recorded: All months. 

Breeding: None recorded. 

Maximum : 200 on 26 January 1994. 


Australasian Bittern 

Botaurus poiciloptilus (Wagler, 1827) 

Very rare, the only record was of a bird heard calling 
at the north end of the lake on 17 November 1983. 

Nankeen Night Heron 

Nycticorax caledonicus (Gmelin, 1789) 

Uncommon, possibly present year round but only 
recorded in spring and summer. Probably more common 
than records suggested due to its nocturnal behaviour. 
Not recorded when water depth fell below 300 mm. 
Most sightings were of birds roosting in Paperbarks 
{Melaleuca raphiophylla) in the south-western corner of 
the lake. 

Recorded: January, February, October to December. 
Breeding: None recorded. 

Maximum : 25 on 14 February 1993. 

Cattle Egret 

Ardea ibis Linnaeus, 1758 

Rare visitor. Only records are single birds from 27 
February to 4 March 2000 and 11 March 2006, 7 on 2 
December 2012 and 21 on 1 January 2014. 

White-necked Heron 
Ardea pacifica Latham, 1802 

Generally scarce visitor, with fewer than 5 birds 
present, although common in years of irruption (2002, 
2015 and 2017) when up to 30 birds were present. 
Primarily recorded from late September to early January 
with the only record outside this time being a single bird 
on 19 May 2013. 

Recorded: January, May, September to December. 
Breeding: None recorded. 

Maximum : 30 on 23, 27 and 28 October 2015. 

Eastern Great Egret 

Ardea modesta J.E. Gray, 1831 

Uncommon, recorded year round. Generally much 
more common before 1994 when over 30 birds were 
regularly recorded but no more than 30 recorded since 
that year and no more than 10 since 2004. Numbers 
peaked (>10) between early October and mid-February 
and when water depth was between 660 and 1100 mm. 
Recorded: All months. 

Breeding: None recorded. 

Maximum : 182 on 12 February 1983. 

White-faced Heron 

Ardea novaehollandiae Latham, 1790 

Common, recorded year round. Highest numbers (>50) 
present between mid-December and mid-March. Little 
relationship to water depth below 1,000 mm but fewer 
birds were present (<15) above that depth. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 409 on 2 February 2018. 
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Little Egret 

Ardea garzetta Linnaeus, 1766 

Scarce visitor, only recorded during spring and 
summer from mid-October to mid-March. The few 
observations did not correspond to any particular water 
depth. 

Recorded: January to March, October to December. 
Breeding: None recorded. 

Maximum : 2 on 12 March 1993, 18 December 2005 
and 11 January 2012. 

Australian Pelican 

Pelecanus conspicillatusTemminck, 1824 

Frequent, recorded year round. Numbers peaked 
(>50) between early October and mid-March and most 
common (>12) when water depth was below 680 mm. 
This species appeared to use the lake primarily as a 
resting area. 

Recorded : All months. 

Breeding : None recorded but breeding in nearby Peel 
Inlet from late August to February. 

Maximum : 199 on 15 March 2009. 

Little Pied Cormorant 

Phalacrocorax melanoleucos (Vieillot, 1817) 

Common, recorded most of the year. Highest numbers 
present (>30) from late August to late January and when 
water depth was above 330 mm. 

Recorded : January to April, June to December. 
Breeding: A small colony of 9-16 pairs recorded on 
west side of lake in September to November 1997. About 
10 nests recorded at same place in September 1999. 
Maximum : 143 on 28 December 1995. 

Little Black Cormorant 

Phalacrocorax sulcirostris (v on Brandt, 1837) 

Uncommon, rarely more than 40 birds present. 
Recorded primarily in spring and summer and 
apparently absent from May to June. Greatest abundance 
(>25), from late September to late January, coincided 
with breeding season in nearby Lake Mealup. Numbers 
peaked (>40) when water depth was greater than 
930 mm and not recorded when water levels were below 
420 mm. 

Recorded: January to April, July to December. 
Breeding: Not recorded. 

Maximum: 415 on 28 September 2008. 

Pied Cormorant 

Phalacrocorax varius (Gmelin, 1789) 

Scarce visitor. Only records were single birds on 25 
January 1997, 25 October 1998, 31 July 1999, 20 October 
2007 and 6 January 2018 and two birds on 19 December 
1999 and 27 February 2000. 


Great Cormorant 

Phalacrocorax carbo (Linnaeus, 1758) 

Uncommon, rarely more than 8 birds present. Not 
obviously more abundant in any month or associated 
with any water depth. Usually observed roosting in dead 
Paperbarks {Melaleuca raphiophylla ) at north end of lake. 
Recorded: All months. 

Breeding: Not recorded. 

Maximum : 16 on 1 March 1985. 

Australasian Darter 

Anhinga novaehollandiae (Gould, 1847) 

Uncommon, rarely more than 11 birds present. 
Recorded most of the year with numbers peaking (>11) 
in January and February. Not strongly related to water 
depth but generally more common at greater depth. 
Unusually abundant in 1992 and 1993, when up to 30 
were present and breeding. 

Recorded: January to April, June to December. 
Breeding: Nests with young seen on 21 April 1992. 
Maximum : 30 on 2 January 1992. 

Osprey 

Pandion haliaetus (Linnaeus, 1758) 

Uncommon. First record was on 21 November 2000 
but seen regularly since then. No obvious relationship 
with water depth or time of year. 

Recorded: All months. 

Breeding: A pair bred regularly in a dead Tuart 
{Eucalyptus gomphocephala ) just outside the south¬ 
western part of the reserve. Probably bred most years. 
Maximum : 5 on 18 November 2001. 

Swamp Harrier 

Circus approximans Peale, 1848 

Frequent. No temporal patterns to occurrence and 
numbers show no relationship with water depth. 
Recorded: All months. 

Breeding: None recorded. 

Maximum : 8 on 9 December 2000. 

White-bellied Sea Eagle 
Haliaeetus leucogaster (Gmelin, 1788) 

Frequent. No obvious temporal pattern to occurrence 
and no obvious relationship between abundance and 
water depth. 

Recorded: All months. 

Breeding: Breeds just outside the reserve in Tuarts 
{Eucalyptus gomphocephala) on the ridge between 
the lake and the Peel-Harvey estuary. First recorded 
breeding in October 1984 with subsequent records being 
two adults and a recently fledged juvenile in November 
2001 and, presumably the same pair, at a different nest 
in August 2002. 

Maximum : 3 on 12 dates between 25 January 1998 and 
30 December 2014. 
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Buff-banded Rail 

Gallirallus philippensis (Linnaeus, 1766) 

Rare visitor. The only records are single birds from 15 
April 2006 to 6 May 2006 and on 15 April 1997 and 24 
October 2012. Probably more common than the sparse 
records indicate. 

Baillon's Crake 

Porzana pusilla (Pallas, 1776) 

Scarce, probably absent in winter. Sightings were 
too few to determine any relationship with water level. 
Probably more common than the sparse records indicate. 
Recorded: January to April, October, November. 
Breeding: None recorded. 

Maximum : 4 on 26 February 2006. 

Australian Spotted Crake 
Porzana fluminea Gould, 1843 

Uncommon, probably absent from August to 
September due the absence of suitable water depths. No 
strong relationship between abundance and water depth 
but more common when depth was less than 670 mm. 
Probably more common than records indicate. 

Recorded: January to July, October to December. 
Breeding: None recorded. 

Maximum : 15 on 14 and 17 January 2009. 

Spotless Crake 

Porzana tabuensis (Gmelin, 1789) 

Uncommon, probably absent from August to 
September due the absence of suitable water depths. 
Numbers peaked (>5) when water depth was less than 
470 mm. An unusual observation was made in March 
2000 when birds were observed feeding 1.5 m above 
the ground in Paperbarks ( Melaleuca raphiophylla ). 
Probably more common than records indicate. 

Recorded: January to July, October to December. 
Breeding: A nest with eggs was found in shrubs at the 
northern end of the lake in October 1984. 

Maximum : 30 on 20 April 1997. 

Purple Swamphen 

Porphyrio porphyrio (Linnaeus, 1758) 

Frequent, recorded most months. Most common (>10) 
from late November to mid-April and when water depth 
was between 100 and 240 mm. Has become much less 
common recently with the only count of more than 4 
birds since 2001 being 14 individuals counted on 11 
March 2006 and the most recent record being a single 
bird on 1 November 2014. 

Recorded: January to April, June to December. 
Breeding: Pairs with chicks in January 1983 and two 
immature birds were seen in January 2000. 

Maximum : 26 on 19 March 1996. 


Dusky Moorhen 

Gallinula tenebrosa Gould, 1846 

Scarce, most sightings were of single birds. Not 
recorded when water depth was below 230 mm and more 
likely to be present when water depths were high. Has 
become much less common recently with the only record 
since 2001 being a single bird seen on 16 January 2009. 

Recorded: January to March, August to October, 
December. 

Breeding: Four adults seen with two small chicks in 
January 2000. 

Maximum : 6 on 18 March 2000. 

Black-tailed Native-hen 
Tribonyx ventralis (Gould, 1837) 

Uncommon and irregular visitor. Presence erratic 
and often absent. Numbers peaked (>3) between late 
October and late January. Abundance does not seem to 
be associated with any particular water depth. 

Recorded: January, February, July to December. 
Breeding: None recorded. 

Maximum : 24 on 29 January 1992. 

Eurasian Coot 

Fulica atra Linnaeus, 1758 

Very common, recorded most of the year. Numbers 
peak (>2,100) between late October and mid-April 
although still common over winter e.g. 1,759 on 
29 August 1997. No obvious relationship between 
abundance and water depth. Numbers can change very 
rapidly. For example, 10,000 were present on 7 January 
1995 but numbers declined sharply to 4,500 on 15 
January, to 3,000 on 26 January and 188 on 4 February. 
Appears to have declined in abundance recently with 
counts since 2008 being of no more than 300 birds. 
Recorded: January to April, June to December. 
Breeding : Pair with young in November 1983. 
Maximum : 10,000 on 7 January 1995. 

Pied Oystercatcher 

Haematopus longirostrisM ieillot, 1817 

Very rare visitor. The only record is a single bird on 18 
December 2005. 

Black-winged Stilt 

Himantopus himantopus (Linnaeus, 1758) 

Abundant. Numbers highest (>2,500) between late 
December and early March when water depth was 
between 100 and 670 mm but common across a wide 
range of water depths. For more details see Craig et al. 
( 2001 ). 

Recorded: All months. 

Breeding : None recorded. 

Maximum : 5,500 on 1 February 2004. 
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Banded Stilt 

Cladorhynchus leucocephalus (Vieillot, 1816) 

Common irregular visitor whose occurrence was very 
erratic. Recorded most of the year. Numbers peaked 
(>500) between late November and late February. Most 
abundant (>100) when water depth was below 390 mm. 
Only small numbers (<93) between 390 and 860 mm and 
absent above that depth. For more details see Craig et al. 
( 2001 ). 

Recorded: January to August, October to December. 
Breeding : None recorded. 

Maximum : 5,500 on 5 February 2004. 

Red-necked Avocet 

Recurvirostra novaehollandiaeM\e\\\oX, 1816 

Very common visitor. Numbers peaked (>1,000) 
between late October and late March when the water 
level was between 110 and 420 mm. Only present when 
the water depth was below 800 mm. For more details see 
Craig et al. (2001). 

Recorded: All months. 

Breeding : None recorded. 

Maximum : 7,500 on 5 November 2006. 

Banded Lapwing 

Vanellus tricolor (Vieillot, 1818) 

Scarce visitor. The only sightings were two birds on 
the 15 June 1997, 22 July 1998, 25 February 2001 and 11 
July 2006 and single birds on 28 August 2003, 20 March 
2011 and 21 September 2013. 

Masked Lapwing 

Vanellus miles (Boddaert, 1783) 

Vagrant. The only record was a single bird of the 
race novaehollandiae sighted several times between 21 
December 2002 and 16 January 2003. 

Red-kneed Dotterel 
Erythrogonys cinctus Gould, 1838 

Uncommon visitor, recorded mostly from spring 
to autumn with the only winter record being a single 
bird on 18 July 2013. Apparently more common before 
1998 with no more than 10 birds recorded since then. 
Numbers peaked (>10) between late December and late 
January and most common (>5) between water depths 
of 100 and 660 mm. For more details see Craig et al. 
( 2001 ). 

Recorded: January to April, July, October to 
December. 

Breeding : None recorded. 

Maximum : 90 on 15 January 1986. 

Inland Dotterel 

Peltohyas australis (Gould, 1841) 

Vagrant. The only record is a single bird observed 
from 17 to 19 November 2010. 


Pacific Golden Plover 
Pluvialis dominica (Gmelin, 1789) 

Uncommon non-breeding visitor from late September 
to late April. Usually no more than four birds present. 
The records are too sparse to determine any relationship 
with water depth. For more details see Craig et al. 
( 2001 ). 

Recorded: January to April, September to December. 
Maximum : 10 on 5 March 2006. 

Grey Plover 

Pluvialis squatarola (Linnaeus, 1758) 

Scarce non-breeding visitor from mid-November to 
mid-January with overwintering birds recorded in 2006 
only. Usually only single birds present, occasionally up 
to five. 

Recorded: January, June to August, November, 
December. 

Maximum : 5 on 7 January 2010. 

Little Ringed Plover 
Charadrius dubius Scopoli, 1786 

Rare visitor. Two sightings of single birds on 21 March 
1992 and 4 February 1995. 

Red-capped Plover 

Charadrius ruficapillusTemminck, 1822 

Very common, present year round. Numbers peaked 
(>750) from mid-December to mid-February and 
uncommon from August to October. Most abundant 
(>165) when the water depth was below 520 mm. 
The only waterbird species typically present when 
the lake dried out when up to 574 individuals were 
recorded on the dry lakebed. For more details see 
Craig et al. (2001). 

Recorded: All months. 

Breeding : Many records and probably breeds every 
year. Records included nests in March 1992, December 
1993, December 1998, January 1999 and May 2006 
and runners in March 1993, April 1993, February 1996, 
February 1998, January 1999, May 2000, June 2000, 
April 2006 and May 2006. 

Maximum : 1,165 on 12 January 2008. 

Double-banded Plover 

Charadrius bicinctus Jardine and Selby, 1827 

Scarce visitor. The only records were single birds 
from 29 May to 3 June 2004, 24 April to 8 July 2006, 15 
March to 28 June 2009, on 18 July 2010 and from 5 June 
to 2 July 2014. 

Lesser Sand Plover 
Charadrius mongolus Pallas, 1776 

Rare visitor. Only observations were single birds on 
19 February 1995, 3 February 1999 and 4 February 2013. 
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Greater Sand Plover 

Charadrius leschenaultii Lesson, 1826 

Scarce non-breeding visitor from early November to 
late April with one record of two overwintering birds on 
15 July 2010. Normally only one or two birds present. 
Only observed when water depth was below 365 mm. 

Recorded: January, February, April, July, November, 
December. 

Maximum : 4 on 19 November 2006. 

Oriental Plover 

Charadrius veredus Gould, 1848 

Very rare visitor. The only record was a single bird 
from 4 to 20 February 2005. 

Hooded Plover 

Thinornis cucullatus (Vieillot, 1818) 

Very rare visitor. The only record is two birds, 
presumably a pair, present from 11 to 26 November 
2006. 

Black-fronted Dotterel 
Elseyornis melanops (Vieillot, 1818) 

Frequent, present most of the year although rare from 
August to October. Numbers peaked (>30) between mid- 
February and late June and most abundant (>10) when 
water depth was between 180 and 460 mm. For more 
details see Craig et al. (2001). 

Recorded: January to August, October to December. 
Breeding : Three runners in April 1993, three nests 
with eggs in December 1993 and one nest in May 1997. 
Maximum : 75 on 24 April 2000. 

Painted Snipe 

Rostratula benghalensis (Linnaeus, 1758) 

Very rare visitor. The only record is a single bird on 7 
December 2012. 

Latham's Snipe 

Gallinago hardwicldi (J.E. Gray, 1831) 

Vagrant. The only record is a single individual seen 
from 14 to 28 January 2009. Also an unidentified 
Gallinago snipe was seen from 12 to 18 February 1984. 

Asian Dowitcher 

Limnodromus semipalmatus (Blyth, 1848) 

Vagrant. One bird seen on 21 March 1992. For more 
details see Blyth and Watkins (1992). 

Black-tailed Godwit 
Limosa limosa (Linnaeus, 1758) 

Frequent non-breeding visitor. Present most of the 
year although rare in winter. Numbers peaked (>5) 
between late December and early April. Not recorded 
when water levels were above 680 mm. For more details 
see Craig et al. (2001). 

Recorded: January to July, September to December. 
Maximum : 65 on 30 March 1989. 


Bar-tailed Godwit 

Limosa lapponica (Linnaeus, 1758) 

Scarce non-breeding visitor, recorded between 
November and March. It was unusually common 
between 7 November and 1 December 2010 when 
up to 25 birds were present. Outside this period the 
only records were two birds on 8 February 1997, one 
bird from 27 February to 19 March 2009, 5 birds on 7 
January 2010, three birds on 25 December 2011, three 
birds on 14 January 2012, three birds on 1 January 2013 
and one bird on 27 January 2013. 

Recorded: January to March, November, December. 
Maximum : 25 on 30 November 2010. 

Little Curlew 

Numenius minutus Gould, 1841 

Very rare non-breeding visitor. One recorded from 19 
December 2009 to 10 January 2010. 

Whimbrel 

Numenius phaeopus (Linnaeus, 1758) 

Rare non-breeding visitor. The only records were two 
seen on 8 February 1997 and 29 September 2010. 

Eastern Curlew 

Numenius madagascariensis (Linnaeus, 1766) 

Very rare non-breeding visitor. One observed on 9 
February 1997. 

Marsh Sandpiper 

Tringa stagnatilis (Bechstein, 1803) 

Common non-breeding visitor. Present all year but 
numbers peaked (>12) between early December and 
early April. Most common (>8) at water depth between 
90 and 680 mm and not recorded at water depths above 
960 mm. For more details see Craig et al. (2001). 
Recorded: All months. 

Maximum : 142 on 29 January 1992. 

Common Greenshank 

Tringa nebularia (Gunnerus, 1767) 

Very common non-breeding visitor. Numbers peaked 
(>65) between late December and late March. Most 
common (>26) between water depths of 90 and 830 mm 
and not recorded above water depths of 1,100 mm. For 
more details see Craig et al. (2001). 

Recorded: All months. 

Maximum : 300 on 3 January 2004. 

Wood Sandpiper 

Tringa glareola Linnaeus, 1758 

Uncommon non-breeding visitor from late spring 
to early autumn with the earliest observation being 
a single bird on 29 September 2010 and the latest 
being nine birds on 29 April 2006. Numbers peaked 
(>20) between early December and early March. Most 
common (>10) between water depths of 330 and 670 mm 
and not recorded when the water depth was above 960 
mm. Formerly more common with counts before 1996 
often exceeding 30 birds. However, no more than 22 
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birds recorded since that year and no more than 2 birds 
recorded since 2009. For more details see Craig et al. 
( 2001 ). 

Recorded: All months. 

Maximum : 112 on 3 January 2004. 

Grey-tailed Tattler 

Tringa brevipes (Vieillot, 1816) 

Scarce non-breeding visitor. It was moderately 
common from 13 December 1998 until 3 February 1999 
when up to 18 birds were present. The only records since 
then were two birds on 17 January 2009 and single birds 
on 27 December 2002, 24 March 2009 and from 14 to 15 
February 2014. For more details see Craig et al. (2001). 
Recorded: January to March, December. 

Maximum : 18 on 10 January 1999. 

Terek Sandpiper 

Xenus cinereus (Giildenstadt, 1775) 

Rare non-breeding visitor. Between one and two birds 
were present between 22 October and 24 November 
2006 but the only other records were two birds on 24 
November 2007 and a single bird on 1 February 2009. 

Common Sandpiper 

Tringa hypoleucos Linnaeus, 1758 

Rare non-breeding visitor. Single birds observed on 
17 February 1993, 1 February 2009 and 1 January 2014. 

Ruddy Turnstone 

Arenaria interpres (Linnaeus, 1758) 

Rare non-breeding visitor. Single birds observed on 
12 February 1984, from 28 October to 4 November 
2006 and from 7 to 30 November 2010 and two on 10 
November 2006. 

Great Knot 

Calidris tenuirostris (Horsfield, 1821) 

Scarce non-breeding visitor. One observed on 6 
January 2012, two on 27 April 1997, 5 June 2000 and 11 
March 2006, four on 15 January 2013, five on 7 January 
2010 and 14 on 8 November 2010. 

Red Knot 

Calidris canutus (Linnaeus, 1758) 

Uncommon non-breeding visitor, recorded most years. 
Present most of the year although primarily recorded 
from early November to late May with only single birds 
recorded outside that period and apparently absent in 
August and September. Most common (>2) between 
water depths of 200 and 365 mm. This species appears 
to be an irregular visitor to the lake which is unusual 
as it is generally considered exclusively estuarine and 
marine (Lane and Davies 1987; Higgins and Davies 
1996; Johnstone and Storr 2001) although it has been 
previously recorded on near coastal lakes on the Swan 
Coastal Plain (Storr and Johnstone 1988). For more 
details see Craig et al. (2001). 

Recorded: January to July, October to December. 
Maximum : 145 on 19 November 2010. 


Sanderling 

Calidris alba (Pallas, 1764) 

Rare non-breeding visitor. Single birds observed on 3 
February 1999, 12 March 2000 and 4 November 2006. 

Red-necked Stint 

Calidris ruficollis (Pallas, 1776) 

Abundant non-breeding visitor. Numbers peaked 
(>3,250) between early November and mid-March 
and most common (>2,000) when the water depth 
was between 90 and 365 mm. This species commonly 
overwinters with the peak at 3,220 birds on 21 June 
2003. For more details see Craig et al. (2001). 

Recorded: All months. 

Maximum : 11,705 on 17 February 2005. 

Little Stint 

Calidris minuta (Leisler, 1812) 

Scarce non-breeding visitor. Single birds recorded 
on 20 March 1993, from 10 to 31 January 1999, from 2 
to 8 December 2001, on 29 December 2002 and on 10 
January 2013. Most records were of birds in breeding 
plumage so potentially more regular than the sparse 
records suggest. For more details see Craig et al. (2001). 

Long-toed Stint 

Calidris subminuta (Middendorff, 1853) 

Uncommon non-breeding visitor. Numbers peaked 
(>8) between early November and mid-March and rare 
from June to September with only two records of single 
birds over that period. Most common (>4) between water 
depths of 125 and 540 mm. Appears to have declined in 
abundance with maximum counts before 1994 regularly 
exceeding 40 birds but the highest count since 1994 
being 33 on 20 November 2002 and the maximum count 
since 2009 being 14 on 22 February and 26 November 
2014. For more details see Craig et al. (2001). 

Recorded: January to May, July, September to 
December. 

Maximum : 96 on 8 March 1992. 

Baird's Sandpiper 
Calidris bairdii (Coues, 1861) 

Vagrant. One record, a single bird on 14 January 2017. 

Pectoral Sandpiper 

Calidris melanotos (Vieillot, 1819) 

Uncommon non-breeding visitor. Absent in winter 
and rare in May and September with the only records in 
those months being one on 8 May 1993 and two on 16 
September 2006, these being the latest and earliest dates 
for this species. Numbers peaked (>3) between early 
November and mid-April. Most common (>2) between 
water depths of 90 and 420 mm. For more details see 
Craig et al. (2001). 

Recorded: January to May, September to December. 
Maximum : 24 on 8 January 2014 and 29 December 2014. 
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Sharp-tailed Sandpiper 

Calidris acuminata (Horsfield, 1821) 

Very common non-breeding visitor. Very rarely 
overwinters with the only records being one bird on 11 
July 2006 and two on 3 August 2001. Apart from these 
two records, the earliest and latest dates for this species 
are two on 9 September 2012 and one on 29 April 2006. 
Numbers peaked (>1,000) between early November and 
mid-March and most common (>1,600) when water 
depth was between 90 and 360 mm. Not recorded when 
water depth exceeded 830 mm. For more details see 
Craig et al. (2001). 

Recorded: January to April, July to December. 
Maximum : 5,970 on 16 January 2003. 

Curlew Sandpiper 

Calidris ferruginea (Pontoppidan, 1763) 

Very common non-breeding visitor although much 
less common recently. Numbers peaked (>800) from 
early December to late March. Commonly overwinters 
with a peak of 547 on 17 June 2006. Most common 
(>500) when water depth was between 90 and 420 mm 
and no more than single birds when water depth was 
above 680 mm. This species has become less common 
recently with the highest count since 2010 being only 
120 birds on 7 January 2017. For more details see 
Craig et al. (2001). 

Recorded: All months. 

Maximum : 3,000 on 30 March 1989. 

Broad-billed Sandpiper 

Limicola falcinellus (Pontoppidan, 1763) 

Scarce non-breeding visitor, not recorded every year. 
Primarily present from late October to mid-March but 
single individuals overwintered from 17 June to 19 
July 2006 and from 15 to 24 July 2010. Only recorded 
between water depths of 125 and 365 mm. For more 
details see Craig et al. (2001). 

Recorded: January to March, June, July, October to 
December. 

Maximum'. 2 on five dates from 4 February 1996 to 28 
December 2014. 

Ruff 

Philomachus pugnax (Linnaeus, 1758) 

Scarce non-breeding visitor. Mostly present from late 
October to mid-March with the only record outside that 
period being a single bird on 8 May 1993. Most records 
were when water depth was between 90 and 390 mm 
with only two records at greater depths of two birds 
on 24 November 2004 at 540 mm and on 24 December 
2004 at 670 mm. For more details see Craig et al. (2001). 

Recorded: January to March, May, October to 
December. 

Maximum : 5 on 12 February 1983 to 12 March 1989. 


Oriental Pratincole 

Glareola maldivarum J.R. Forster, 1795 

Rare non-breeding visitor. The only records are five 
birds on 1 March 1985 with 10 birds present the next day 
and single birds on 31 January 1987, 27 January 1989 
and from 26 to 28 November 2010. For more details see 
Craig et al. (2001). 

Silver Gull 

Larus novaehollandiae Stephens, 1826 

Common, present all year. Previously rare at the lake, 
only a few records pre-1995, this species has become 
more common recently. Numbers peaked (>60) between 
early November and mid-May and (>115) between water 
depths of 120 and 610 mm. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 1,764 on 7 February 2009. 

Gull-billed Tern 

Sterna nilotica Gmelin, 1789 

Scarce visitor. The only records are three birds on 18 
December 2011 and 30 October 2014, two birds on 18 
November 2011 and 2 November 2014 and single birds 
on 14 December 2008 and 18 January 2013. 

Caspian Tern 

Sterna caspia Pallas, 1770 

Scarce visitor, rarely more than six birds present. 
Present most of the year and primarily recorded between 
late December and late July, only scattered records of 
one or two birds at other times. No obvious relationship 
between numbers and water depth but not recorded 
above depths of 800 mm. 

Recorded: January to April, June to August, 
November, December. 

Breeding: None recorded 
Maximum : 125 on 2 April 1989. 

Fairy Tern 

Sterna nereis Gould, 1843 

Very rare visitor. The only record is two birds on 5 
June 2000. 

Whiskered Tern 

Sterna hybrida Pallas, 1811 

Frequent visitor. Recorded primarily from late 
September to late February with the only records outside 
this period being single birds on 1 April 1990 and 25 
May 2000 and two birds on 28 May 2000. Numbers 
peaked (>65) between late December and early February 
and most common (>6) between water depths of 110 and 
800 mm. 

Recorded: January, February, April, May, September 
to December. 

Breeding: None recorded. 

Maximum : 350 on 11 January 2004. 
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White-winged Black Tern 
Sterna leucoptera Temminck, 1815 

Uncommon and irregular non-breeding summer 
visitor. Recorded only from late November to late 
February but presence very erratic and often absent.. 
Numbers peaked (>4) between late December and late 
January and most common (>1) between water depths of 
300 and 420 mm. 

Recorded: January, February, November, December. 
Maximum'. 110 on 22 January 1996. 

Australian Reed Warbler 
Acrocephalus australis (Gould, 1838) 

Scarce, present most of the year but rare or absent in 
winter. No obvious monthly peaks in abundance. Most 
common (>1) when water depth was above 390 mm 
but the relationship with water depth was not strong. 
Primarily recorded in clumps of Typha. 

Recorded: January, February, April, May, August to 
December. 

Breeding: None recorded. 

Maximum : 6 on 30 December 1996 and 16 September 
2006. 

Little Grassbird 

Megalurus gramineus (Gould, 1845) 

Frequent, recorded year round. Numbers appeared to 
peak (>8) between late September and early January but 
this may be because birds were calling at this time and 
hence more obvious. Most common (>7) when water 
levels were above 950 mm and not recorded when water 
level below 180 mm. This apparent preference for high 
water levels may be because these water levels coincide 
with the time of the year when most birds were calling. 
Mainly recorded in Melaleuca thickets with some 
records from Typha clumps. 

Recorded: All months. 

Breeding: None recorded. 

Maximum : 20 on 23 November and 30 December 
2008. 

LANDBIRDS 

Emu 

Dromaius novaehollandiae (Latham, 1790) 

Uncommon, presumably resident. Seen primarily 
during summer and rare, or absent in autumn. 
Observations range from single birds to groups of 11. 
Recorded: January, February, May to December. 
Breeding: None recorded although immature birds 
were frequently sighted. 

Stubble Quail 

Coturnix pectoralis Gould, 1837 

Uncommon, presumably resident with no obvious 
seasonal peak in abundance, although considered a 


visitor to the Swan Coastal Plain (Storr and Johnstone 
1988). First recorded in January 2008 but seen regularly 
since then. 

Recorded: January, February, April to September, 
November, December. 

Breeding: None recorded. 

Black-shouldered Kite 

Elanus caeruleus (Desfontaines, 1789) 

Uncommon, presumably resident with sightings 
regularly throughout the year. Seen singly or in pairs. 
Recorded: All months. 

Breeding: None recorded. 

Square-tailed Kite 
Hamirostra isura (Gould, 1838) 

Scarce, presumably a post-breeding visitor. There are 
11 observations of single birds from early October to 
early February. 

Recorded: January, February, October to December. 
Breeding: None recorded. 

Little Eagle 

Hieraaetus morphnoides (Gould, 1841) 

Frequent, presumably resident. Usually seen singly, 
rarely in pairs. 

Recorded: All months. 

Breeding: None recorded. 

Wedge-tailed Eagle 
Aquila audax{ Latham, 1802) 

Uncommon, presumably resident. Sightings of single 
birds and pairs. Immature sighted in January 1999. 
Recorded: All months. 

Breeding: None recorded. 

Brown Goshawk 

Accipter fasciatus (Vigors and Horsfield, 1827) 

Uncommon, presumably resident with records 
scattered throughout the year. All sightings were of 
single birds. 

Recorded: January to April, July, September to 
December. 

Breeding: None recorded. 

Collared Sparrowhawk 

Accipter cirrocephalus (Vieillot, 1817) 

Scarce, presumably resident although no records in 
autumn. The species is considered resident, a post¬ 
breeding nomad and a winter visitor on the Swan 
Coastal Plain (Storr and Johnstone 1988) so there is 
likely to be some movement of birds at the lake. All 
sightings were of single birds. 

Recorded: January, February, June, August to 
December. 

Breeding: None recorded. 
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Whistling Kite 

Haliastur sphenurus (Vieillot, 1818) 

Common, presumably resident with sightings 
regularly throughout the year but probably also some 
additional birds are summer-autumn visitors (Storr and 
Johnstone 1988). Usually seen singly but groups of up to 
eight have been recorded around Black Swan carcasses. 
Recorded: All months. 

Breeding: Bred just outside the southern boundary of 
the reserve in a Tuart (Eucalyptus gomphocephala ) in 
July 1997. 

Common Bronzewing 

Phaps chalcoptera (Latham, 1790) 

Uncommon, presumably resident. Most common 
between July and January. Generally seen as single birds 
but sometimes in small flocks of up to nine birds. 
Recorded: January, March, July to December. 
Breeding: None recorded. 

Crested Pigeon 

Ocyphaps lophotes (Temminck, 1822) 

Common, presumably resident. Generally in small 
groups of less than four birds but sometimes in flocks of 
up to 46. 

Recorded: All months. 

Breeding: None recorded. 

Horsfield's Bronze Cuckoo 
Chrysococcyx basalis (Horsfield, 1821) 

Rare visitor. Two sightings of single birds on 30 
October 1994 and 17 January 2009. 

Shining Bronze-Cuckoo 
Chrysococcyx lucidus (Gmelin, 1788) 

Common breeding visitor. Usually seen singly or in 
pairs. Earliest sighting was on 15 July and the latest 
sighting was on 3 February. 

Recorded: January, February, July to December. 
Breeding: None recorded. 

Pallid Cuckoo 

Cacomantis pallidus (Latham, 1802) 

Scarce, presumably a breeding visitor. The only 
records were single birds on 31 July 1997, 22 July 
2002, 21 June 2003, 28 August 2003, 11 July 2006, 11 
September 2010 and 8 November 2014 and two birds on 
30 July 2005. 

Fan-tailed Cuckoo 

Cacomantis flabelliformis (Latham, 1802) 

Uncommon, presumably a breeding visitor. Seen 
singly or in pairs. Earliest sighting was on 19 May and 


the latest sighting was on 12 November. 

Recorded: May to September, November. 

Breeding: None recorded. 

Boobook Owl 

Ninox boobook (Latham, 1801) 

Rare, presumably resident or passage migrant (Storr 
and Johnstone 1988). The only observation is a single 
bird on 2 August 1998. Undoubtedly more common as 
very few visits were conducted at night. 

Pacific Swift 

Apus pacificus (Latham, 1802) 

Rare non-breeding visitor. The only record was one 
bird sighted on 19 February 1995. 

Laughing Kookaburra 

Dacelo novaeguineae (Hermann, 1783) 

Common, presumably resident with no monthly peak 
in abundance. Seen singly or in groups of up to four. 
Recorded: All months. 

Breeding: None recorded. 

Sacred Kingfisher 

Todiramphus sancta (Vigors and Horsfield, 1827) 

Common breeding visitor in spring and summer, also 
passage migrant. Rare in autumn (March to May), where 
the only records are single birds on 12 March 1993, 5 
May 2006 and 19 May 2013 and absent in winter (June 
to August). Generally seen singly or in pairs. Earliest 
sighting was on 19 September and the latest sighting was 
on 19 May. 

Recorded: January to March, May, September to 
December. 

Breeding: Birds were seen leaving hollows in Flooded 
Gums (Eucalyptus rudis ) around the lake in November 
1997 and September 1999. 

Rainbow Bee-eater 
Merops ornatus Latham, 1802 

Very common breeding visitor in spring and summer. 
Generally in small groups of up to five during the 
breeding season but in flocks of up to 50 at other times. 
Earliest sighting was on 7 October and the latest sighting 
was on 25 February. 

Recorded: January, February, October to December. 
Breeding: Recorded entering nest burrow along road 
adjacent to the south side of the reserve in November 
1997. 

Australian Kestrel 

Falco cenchroides (Vigors and Horsfield, 1827) 

Common, presumably resident. Usually seen as single 
birds. 

Recorded: All months. 

Breeding: None recorded. 


160 


MICHAEL D. CRAIG, GLENN I. MOORE, TONY KIRKBY, MARCUS SINGOR, BILL RUSSELL AND JOHN GRAFF 


Australian Hobby 

Falco longipennis Swainson, 1837 

Uncommon, presumably resident. Mainly single birds, 
sometimes in pairs. 

Recorded: January, February, April, May, July to 
December. 

Breeding: None confirmed but a pair were seen 
displaying and landing on an old nest in a Tuart 
(Eucalyptus gomphocephala ) in July 1997. 

Brown Falcon 

Falco berigora Vigors and Horsfield, 1827 

Scarce, presumably resident. There are eight 
observations of single birds scattered throughout the 
year. 

Recorded: January, February, May, June, October, 
November. 

Breeding: None recorded. 

Peregrine Falcon 

Falco pereg#7#7 us Tun stall, 1771 

Frequent, presumably resident. Usually seen singly, 
occasionally in pairs. Not infrequently seen capturing 
waders and ducks over the lake. 

Recorded: January to April, June to December. 
Breeding: None recorded. 

Red-tailed Black-Cockatoo 
Calyptorhynchus banksii (Latham, 1790) 

Uncommon, presumably a visitor from the nearby 
Darling range. Present from spring to autumn, absent 
in winter. Earliest date is 16 September and latest date 
is 29 May. Usually in small flocks of up to four birds 
although a flock of 15 was sighted once. Birds have been 
recorded feeding on Marri ( Corymbia calophylla ) within 
the reserve. 

Recorded: January to May, September to December. 
Breeding: None recorded. 

Carnaby's Cockatoo 

Calyptorhynchus latirostris Carnaby, 1948 

Frequent, presumably mainly a non-breeding visitor 
but recorded throughout the year so small numbers 
possibly resident. Mostly recorded singly, in pairs or 
in small flocks of up to nine but largest flock recorded 
contained 45 birds. 

Recorded: All months. 

Breeding: None recorded. 

Galah 

Cacatua roseicapilla Vi ei I lot, 1817 

Frequent, presumably resident as recorded regularly 
throughout the year. Seen singly, in pairs or small flocks 
of up to 17. 

Recorded: All months. 

Breeding: None recorded. 


Little Corella 

Cacatua sanguinea Gould, 1843 

Frequent, presumably resident as recorded most of the 
year. Usually seen in small flocks of up to 30 birds. 
Recorded: January, February, April to December. 
Breeding: None recorded. 

Sulphur-crested Cockatoo 
Cacatua galerita (Latham, 1790) 

Common, presumably resident. Usually seen in small 
flocks of up to eight birds, rarely up to 60. This species 
was common up until 2001 when the birds were culled 
by the Department of Agriculture but culling has not 
continued and numbers subsequently recovered with 11 
birds recorded on 26 February 2012. 

Recorded: All months. 

Breeding: None recorded. 

Red-capped Parrot 
Platycercus spurius (Kuhl, 1820) 

Frequent, presumably resident. Generally seen singly 
or in pairs, occasionally in groups of up to four. 
Recorded: All months. 

Breeding: None recorded. 

Australian Ringneck 
Platycercus zonarius (Shaw, 1805) 

Abundant, presumably resident. Observed primarily 
in pairs or small groups of up to 5 during the breeding 
season and in flocks of up to 40 at other times of the 
year. All records were of the subspecies semitorquatus, 
zonarius or hybrids between the two. 

Recorded: All months. 

Breeding: Birds breed in Tuart ( Eucalyptus 
gomphocephala) along the western edge of the reserve 
and presumably in eucalypts in the eastern part of the 
reserve as well. Breeding recorded in most years. 

Western Rosella 

Platycercus icterotis (Temminck and Kuhl, 1820) 

Vagrant. The only record is a single bird on 23 
November 2010. The possibility that it was an escaped 
cagebird cannot be excluded as the nearest natural 
populations occur 25 km to the east. 

Elegant Parrot 

Neophema elegans (Gould, 1837) 

Uncommon, presumably a non-breeding visitor. 
Primarily occurs from late autumn to early spring. The 
only records outside that period were three birds on 30 
January 2000 and 4 January 2013. Generally seen singly, 
in pairs or in flocks of up to 30. First recorded on 19 
September 1999 but has become more common recently 
with sightings now annual. 

Recorded: January, April to September. 

Breeding: None recorded. 
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Regent Parrot 

Polytelis anthopeplus (Lear, 1831) 

Common, presumably resident. Generally seen in 
small flocks of up to 10 birds. 

Recorded: All months. 

Breeding: Breeds in Tuarts ( Eucalyptus 
gomphocephala ) along the western edge of the reserve 
where a pair was seen entering a nesting hollow in 
October 1999. Probably breeds annually. 

Splendid Fairy Wren 

Malurus splendens (Quoy and Gaimard, 1830) 

Very common, presumably resident. Usually seen in 
groups of four to 10. 

Recorded: All months. 

Breeding: None recorded. 

Southern Emu-wren 

Stipiturus malachurus (Shaw, 1798) 

Rare visitor. The only records were of a female on 
27 December 2002, a pair on 8 January 2017 and three 
birds on 21 January 2017. All records were in paperbarks 
{Melaleuca teretifolia) in the south-eastern corner of the 
lake. As the reserve contains no suitable habitat for this 
species, these records were presumably of dispersing 
individuals. 

Western Spinebill 

Acanthorhynchus superciliosus Gould, 1837 

Uncommon, recorded for most of the year but 
presumably with some local movements. Seen singly or 
in pairs. 

Recorded: January to November. 

Breeding: None recorded. 

Brown Honeyeater 

Lichmera indistincta (Vigors and Horsfield, 1827) 

Frequent, presumably primarily breeding visitor but 
recorded all year. Most common from May to December, 
scarce outside this period. Abundance varied and the 
species was very common at times. Generally seen 
singly or in small groups of up to five. 

Recorded: All months. 

Breeding: None recorded. 

New Holland Honeyeater 

Phylidonyris novaehollandiae (Latham, 1790) 

Uncommon, recorded for most of the year but 
presumably with some local movements. Usually seen 
singly or in small loose groups of up to five. 

Recorded: January to November. 

Breeding: None recorded. 

Western White-naped Honeyeater 
Melithreptus chloropsis Gould, 1848 

Scarce post-breeding visitor. The only records are five 
birds on 24 May 2009 and 4 June 2011, four birds on 21 
April 2007, two birds on 29 May 2004 and a single bird 
on 22 January 1998. 


White-fronted Chat 

Ephthianura albifrons (Jardine and Selby, 1828) 

Common, recorded throughout the year but 
presumably with some local movements. Very irregular 
in occurrence and often absent. Most common from 
February to April when flocks of over 100 birds have 
been recorded on the drying lake fringes. Usually in 
small flocks of up to 30 birds. 

Recorded: All months. 

Breeding: None recorded. 

Western Little Wattlebird 
Anthochaera lunulata Gould, 1838 

Rare visitor. The only records are single birds on 2 
October 2010 and 6 June 2014. 

Red Wattlebird 

Anthochaera carunculata (Shaw, 1790) 

Very common, recorded year round but probably 
subject to local movements as not always present. Seen 
singly or in flocks of up to 16. 

Recorded: All months. 

Breeding: Recorded breeding in the reserve in 
November 1998. 

Singing Honeyeater 

Gavicalis virescens (Vieillot, 1817) 

Scarce, presumably resident as records are scattered 
throughout the year. Seen singly. 

Recorded: January, February, May, September, 
November, December. 

Breeding: None recorded. 

Yellow-plumed Honeyeater 
Ptilotula ornata (Gould, 1838) 

Vagrant. The only record was a single individual on 4 
June 2011. 

Spotted Pardalote 

Pardalotus punctatus (Shaw, 1792) 

Rare autumn transient. The only records were single 
birds on 12 April 2008 and 8 April 2014. 

Striated Pardalote 

Pardalotus striatus (Gmelin, 1789) 

Common, probably a partial migrant with some birds 
leaving the area over winter. Numbers appeared lower 
in winter and higher in spring but this may reflect the 
amount of calling activity. Usually observed singly or in 
pairs, occasionally small groups of up to six. 

Recorded: All months. 

Breeding: None recorded. 

White-browed Scrubwren 

Sericornis frontalis (Vigors and Horsfield, 1827) 

Common, presumably resident. Usually seen singly or 
in pairs. 

Recorded: All months. 

Breeding: None recorded. 
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Weebill 

Smicromis brevirostris (Gould, 1838) 

Uncommon, presumably resident. Seen singly or in 
small groups of up to four. 

Recorded: All months. 

Breeding: None recorded. 

Western Gerygone 
Gerygone fusca (Gould, 1838) 

Common, probably a partial migrant with some birds 
leaving the area over winter. Records suggest that it was 
less common in winter and more common in spring but 
this may partly reflect calling activity. 

Recorded: All months. 

Breeding: None recorded. 

Broad-tailed Thornbill 
Acanthiza apicalis Gould, 1847 

Very common, presumably resident. Usually seen 
singly or in pairs. 

Recorded: All months. 

Breeding: None recorded. 

Yellow-rumped Thornbill 
Acanthiza chysorrhoa 
(Quoy and Gaimard, 1830) 

Common, presumably resident. Usually seen in small 
groups of three to six. 

Recorded: All months. 

Breeding: Breeding in September 1997. Three old 
nests were found in paperbark trees in September 2002. 

Black-faced Woodswallow 
Artamus cinereus Vieillot, 1817 

Uncommon, presumably resident. Seen in groups 
of up to five birds. Far more common in the farmland 
around the reserve than in the reserve itself. 

Recorded: All months. 

Breeding: None recorded. 

Dusky Woodswallow 

Artamus cyanopterus (Latham, 1802) 

Scarce and irregular winter and spring visitor. Earliest 
date is 13 June and latest date is 24 November. Seen in 
groups of up to four birds. 

Recorded: June, July, September to December. 
Breeding: None recorded. 

Grey Butcherbird 

Cracticus torquatus (Latham, 1802) 

Common, presumably resident. Usually seen singly or 
in pairs. 

Recorded: January to March, July to December. 
Breeding: None recorded. 


Australian Magpie 

Cracticus tibicen (Latham, 1802) 

Very common, presumably resident. Usually seen in 
groups of up to nine birds. 

Recorded: All months. 

Breeding: Nest building observed in August 1998. 

Grey Currawong 

St rep era versicolor ( Latham, 1802) 

Very rare visitor. One observed in the southern part of 
the reserve on 5 February 2006. 

Black-faced Cuckoo Shrike 

Coracina novaehollandiae (Gmelin, 1789) 

Frequent, presumably resident but may be subject to 
local movements as this species seems less common in 
March and April. Usually seen singly or in pairs. 
Recorded: January to March, May to December. 
Breeding: None recorded. 

White-winged Triller 

Lalage tricolor (Swainson, 1825) 

Rare visitor. The only records were a single bird on 2 
November 2014 and a very unusual overwintering bird 
on 25 June 2009. 

Varied Sittella 

Daphoenositta chrysoptera (Latham, 1802) 

Scarce, presumably resident. Recorded in groups of up 
to eight birds. 

Recorded: January, May, June, September to 
December. 

Breeding: None recorded. 

Western Golden Whistler 
Pachycephala occidentalis Ramsay, 1878 

Frequent, presumably resident as recorded regularly 
throughout the year. Seen singly or in pairs. 

Recorded: All months. 

Breeding: None recorded. 

Rufous Whistler 

Pachycephala rufiventris (Latham, 1802) 

Common, presumably resident. Seen singly or in pairs. 
Recorded: All months. 

Breeding: None recorded. 

Grey Shrike-thrush 

Colluricincla harmonica (Latham, 1802) 

Uncommon, presumably resident. Only solitary birds 
seen. 

Recorded: All months. 

Breeding: None recorded. 

Willie Wagtail 

Rhipidura leucophrys (Latham, 1802) 

Very common, presumably resident. Usually seen 
singly or in pairs. 
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Recorded: All months. 

Breeding: One carrying nest material in September 
1999. 

Grey Fantail 

Rhipidura fuliginosa Gould, 1840 

Very common, probably a partial migrant as numbers 
were lower from April to July. Seen singly or in groups 
of up to 15. 

Recorded: All months. 

Breeding: Adults attending dependent young in 
October 1990. 

Magpie-lark 

Grallina cyanoleuca (Latham, 1802) 

Very common, presumably resident. Usually seen in 
pairs, sometimes singly or in family groups of three or 
four. 

Recorded: All months. 

Breeding: Nest seen in Flooded Gum ( Eucalyptus 
rudis ) in September 1997. 

Australian Raven 

Corvus coronoides Vigors and Horsfield, 1827 

Very common, presumably resident. Seen singly, in 
pairs or in flock of up to 15. 

Recorded: All months. 

Breeding: None recorded. 

Scarlet Robin 

Petroica boodang (Lesson, 1838) 

Uncommon, presumably resident. Seen singly or in 
pairs. 

Recorded: All months. 

Breeding: None recorded. 

Barn Swallow 

Hirundo rustica Linnaeus, 1758 

Rare visitor. The only records were single birds on 25 
February 2006 and from 23 to 24 December 2011. 

Welcome Swallow 
Hirundo neoxena Gould, 1842 

Abundant, some evidence of local movements as this 
species was more abundant (often >100) from mid- 
November to mid-April. Seen in groups of hundreds. 
Often seen roosting in reedbeds or on the dry lake bed 
with Tree Martins. The largest number recorded was 
1,800 on the 4 March 2000. 

Recorded: All months. 

Breeding: Breeds in old cowsheds, below homestead 
on southern boundary of reserve. 

Fairy Martin 

Cecropis ariel (Gould, 1842) 

Very rare visitor. The only record was a single bird 
seen on 7 December 1997. 


Tree Martin 

Cecropis nigricans (Vieillot, 1817) 

Abundant, likely a partial migrant with some birds 
leaving the area in winter (Storr and Johnstone 1988) 
as this species was more common (often >600) between 
late December and mid-March. Rarely, seen in flocks of 
thousands. The largest number recorded was 8,000 on 23 
February 1997 when almost all the birds were roosting 
on the drying lakebed. 

Recorded: All months. 

Breeding: Birds seen entering tree hollows in a dead 
Tuart ( Eucalyptus gomphocephala ) on the southern 
boundary of the reserve in November 1999. 

Rufous Songlark 

Cinclorhamphus mathewsi (Iredale, 1911) 

Rare breeding visitor. The only records were a 
male singing along the north-east edge of the lake 
on 27 December 1985 and further single birds on 6 
January 2013 and 8 November 2014. More common in 
surrounding farmland. 

Brown Songlark 
Cinclorhamphus cruralis 
Vigors and Horsfield, 1827 

Scarce breeding visitor. The only records were two 
birds on 30 December 2008 and single birds on 29 
March 2008, 11 December 2011, 9 September 2012, 
16 and 24 October 2012 and 22 November 2012. More 
common in surrounding farmland. 

Grey-breasted White-eye 
Zosterops lateralis (Latham, 1802) 

Very common, probably subject to local movements as 
numbers were highly variable. Usually seen in flocks of 
up to 20 birds. 

Recorded: All months. 

Breeding: Nest found in Paperbarks (. Melaleuca 
raphiophylla ) in October 1998. 

Yellow Wagtail 

Motacilla flava Linnaeus, 1758 

Scarce non-breeding visitor. The only records were a 
single bird of the subspecies simillima on 29 December 
1993 and single birds (subspecies undetermined) on 11 
March 1997, 2 January 2005 and 19 December 2009. 

Australian Pipit 

Anthus australis Vieillot, 1818 

Frequent, presumably resident although less common 
in September and October when the lake edge is 
typically flooded. Generally seen singly, rarely in small 
flock of up to six birds. 

Recorded: All months. 

Breeding: None recorded. 

Red-throated Pipit 
Anthus cervinus Pallas, 1811 

Vagrant. The only record is a well-watched individual 
from 25 January to 9 February 2014. 
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DISCUSSION 

Lake McLarty it a critically important wetland of 
great local, national and international significance. 
Despite being part of a Wetland of International 
Importance, the Peel-Yalgorup system, Lake McLarty 
qualifies as a wetland of international importance in its 
own right. It supports globally significant populations 
(>1% of global population) of six species (Grey Teal, 
Banded Stilt, Red-necked Avocet, Red-capped Plover, 
Red-necked Stint and Sharp-tailed Sandpiper) and more 
than 1% of the East Asian-Australian Flyway (EAAF) 
of an additional species (Curlew Sandpiper: Table 3). 
For these species, the 1% threshold was exceeded on 
between 1 and 50 dates (Table 3), indicating that the 
lake is consistently globally significant for some of those 
species (Ramsar 2018). Furthermore, Lake McLarty has 
also supported >20,000 waterbirds on 19 different dates 
which is a further criterion for listing it as a Wetland of 
International Importance (Ramsar 2018: Table 2). 

The importance of Lake McLarty is primarily in 
the quality of the feeding habitat it provides for a 
large number and diversity of waterbirds rather than 
supporting significant numbers of breeding birds. Only 
18 species have been recorded breeding at the lake and, 


of these, only four species (Black Swan, Pacific Black 
Duck, Grey Teal and Red-capped Plover) are suspected 
of breeding every year. The lake was not considered to 
be an important breeding location in previous surveys 
either (Jaensch et al. 1988; Storey et al. 1993). The lake 
is important for moulting Australian Shelduck with large 
numbers recorded at the lake in October and November, 
although numbers are not globally significant, and the 
lake also acts as a resting place for several species (e.g. 
Australian Pelican, Caspian Tern) that range across the 
Peel-Yalgorup system but utilise the lake neither for 
breeding nor feeding. Lake McLarty Nature Reserve 
also provides important habitat and connectivity for a 
wide range of landbirds. Although only one globally 
threatened species (Carnaby’s Cockatoo — Endangered) 
and one threatened subspecies (Red-tailed Black- 
Cockatoo ssp. naso — Vulnerable) have been recorded 
within the reserve, the native vegetation supports 
resident populations of numerous species dependent 
on native vegetation (e.g. Common Bronzewing, 
Red-capped Parrot, Rainbow Bee-eater, Tree Martin, 
Western Little Wattlebird, Scarlet Robin, Grey Shrike- 
thrush, Western Thornhill, Western Spinebill, Inland 
Thornhill, White-browed Scrubwren, Yellow-rumped 


TABLE 3 Internationally significant numbers of the seven species where Lake McLarty has supported >1 % of the 
global or flyway populations. Also shown are the number of dates in each month and year when those 
thresholds have been exceeded (indicated by number after each month or year) as well as the total 
number of dates when the threshold was exceeded.* = flyway population. 


Species 

1% global or 
flyway population 

Number of 

dates 

Months exceeded 

Years exceeded 

Grey Teal 

11,200 

3 

December (1), January (1), 
February (1) 

1996 (1), 1998 (1), 2002 (1) 

Banded Stilt 

3,700 

1 

February (1) 

2004 (1) 

Red-necked Avocet 

1,100 

40 

October (2), November (11), 
December (7), January (6) 
February (13), March (1) 

1989 (1), 1991 (2), 1993 (1), 
1994 (2), 1996 (1), 1997 (3), 
1998 (5), 2001 (1), 2004 (4), 
2005 (3), 2006 (9), 2007, (3), 
2009 (2), 2010 (3) 

Red-capped Plover 

950 

4 

December (2), January (1), 
February (1) 

2002 (2), 2008 (1), 2014 (1) 

Red-necked Stint 

3,200 

32 

June (1), November (5), 
December (7), January (8), 
February (8), March (3) 

1996 (2), 1997 (1), 1998 (1), 
1999 (4), 2002 (5), 2003 (3), 
2004 (1), 2005 (3), 2006 (3), 
2008 (1), 2009 (4), 2010 (4) 

Sharp-tailed Sandpiper 

1,600 

50 

November (7), December (15), 
January (15), February (12), 
March (1) 

1993 (1), 1994 (1), 1998 (4), 
1999 (3), 2002 (6), 2003 (4), 
2004 (4), 2005 (3), 2006 (4), 
2007 (1), 2008 (1), 2009 (4), 
2010 (4), 2013 (2), 2014 (8) 

Curlew Sandpiper 

1,400* 

8 

December (3), January (1), 
February (3), March (1) 

1989 (1), 1993 (1), 1997 (1), 
1998 (2), 2007 (1), 2008 (1), 
2010 (1) 
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Thornhill and Splendid Fairy-wren) that have declined 
significantly on the Swan Coastal Plain (Davis et 
al. 2013). Hence, the reserve is important for the 
conservation of many landbird species that are declining 
locally. 

The importance of Lake McLarty was supported by 
two previous studies. During systematic surveys of 
255 wetlands on Swan Coastal Plain between 1990 and 
1992, more species were recorded (51) there than at any 
other wetland, which is over 10 more than any wetland 
of comparable or smaller size (Storey et al. 1993). It 
also had the fifth highest mean and maximum count of 
all wetlands surveyed, with a maximum count of 3,986 
(Storey et al. 1993). Earlier surveys of wetlands in south¬ 
western Australia between 1981 and 1985 concluded that 
Lake McLarty had the sixth highest number of species 
recorded (54) and all the wetlands where more species 
were recorded, except the estuarine Alfred Cove, were 
significantly larger than Lake McLarty (Jaensch et al. 
1988). During that survey, Lake McLarty ranked 26th 
out of 197 wetlands in terms of highest total count of 
waterbirds (Jaensch et al. 1988). Furthermore, surveys 
for both these projects were conducted at regular 
intervals through the year, rather than targeting times of 
maximum waterbird richness and abundance. Surveys 
in the 1990s and 2000s (this study) revealed that Lake 
McLarty supported many more species and numbers of 
waterbirds than either of these surveys recorded. This 
probably resulted from better targeting of surveys for 
these times of maxima and, possibly, an increase in 
waterbird usage of Lake McLarty. Regardless, it is clear 
that Lake McLarty supports a very high ric hn ess and 
abundance of waterbirds, which regularly exceeds those 
of wetlands of comparable size, and is unarguably a very 
important wetland for the conservation of waterbirds 
both regionally and globally. 

Waterbird usage of the lake varied with water depth 
with several species typically associated with either deep 
or shallow water. There were 40 complete waterbird 
counts conducted at water depths of >600 mm. At these 
depths, the fringing Melaleuca stands were flooded and 
species such as Freckled, Blue-billed and Musk Ducks, 
Hardhead, cormorants, grebes and Eastern Great Egret 
reached peak abundance. Overall numbers of birds were 
generally relatively low although the presence of large 
numbers of moulting Australian Shelduck on occasions 
lead to high overall numbers and nine dates at these 
depths had counts of >10,000. Species richness was 
moderate at these depths with >35 waterbird species 
recorded on six dates. There were 26 complete waterbird 
counts conducted at water depths between 300 and 
600 mm. At these depths, the water receded from the 
Melaleuca stands and there was an extensive shoreline 
of sedges and exposed mud. At these depths, species 
such as Pacific Black Duck, Eurasian Coot, Black- 
fronted Dotterel, Black-tailed Godwit, Marsh and Wood 
Sandpipers, Common Greenshank, Long-toed Stint, 
Silver Gull and Whiskered and White-winged Black 
Terns reached peak abundance. It was at these depths 


that waterbird richness reached its maxima, with five of 
the six most diverse counts being at these depths, and 
>35 waterbird species recorded on eight dates. Overall 
numbers of birds were moderate at these depths with 
counts of >10,000 birds on 12 dates, but numbers tended 
to increase as the lake got shallower with five of those 
counts recorded between depths of 300 and 360 mm. 
There were 58 complete waterbird counts conducted 
at water depths below 300 mm. At these depths, the 
shoreline started to consist of greater proportions of 
exposed mud and the lake was often shallow enough 
to permit short-legged species to forage across the 
entire lake. At these shallow depths, species such as 
Pink-eared Duck, Grey Teal, Banded Stilt, Red-necked 
Avocet, Red-necked Stint, Sharp-tailed and Curlew 
Sandpipers and Ruff reached their peak abundance. 
Although species richness was lowest at these depths, 
>35 waterbird species were recorded only once at these 
depths, this is when overall waterbird abundance was 
generally highest. At these depths, >10,000 individuals 
were recorded on 16 dates including eight out of the 11 
highest counts. 

Although systematic surveys have not occurred 
continuously over the past 35 years at Lake McLarty, 
there have been enough complete waterbird counts, 
supplemented by numerous observations, to indicate 
that the abundance of several species has changed 
over that period. There appear to have been eight 
species that have declined in abundance over that 
time: Eastern Great Egret, Purple Swamphen, Dusky 
Moorhen, Eurasian Coot, Red-kneed Dotterel, Wood 
Sandpiper, Long-toed Stint and Curlew Sandpiper. 
Of these species, it is likely that Wood Sandpiper and 
Long-toed Stint have declined along with the decline 
in emergent vegetation, primarily Typha and Juncus, 
at the lake over the past few decades (Figure 2). This 
decline in emergent vegetation occurred primarily up 
until the mid-1990s (Craig et al. 2001), which coincided 
with the declines of both these species, and continues to 
the present day. The decline of the Red-kneed Dotterel 
commenced in 1998 and the decline of the Purple 
Swamphen and Dusky Moorhen started in 2001. Given 
their habitat preferences elsewhere, it seems logical 
that their decline was related to the loss of emergent 
vegetation, however the decline started after most of 
the emergent vegetation was lost suggesting that other, 
unknown factors may have contributed to the declines 
of these species. The decline of Eastern Great Egret 
commenced around 1994 and for Eurasian Coot around 
2008 but the reasons for these declines also remain 
unclear. Declines of the last species, Curlew Sandpiper, 
started around 2010, coinciding with significant global 
declines in this species, primarily associated with the 
destruction of stopover sites in north-eastern China and 
South Korea (Piersma et al. 2016). In contrast, only two 
species appear to have increased: Silver Gull, which 
was rare before 1995, and the Osprey which was not 
recorded before 2000. The gull has likely increased 
along with increasing anthropogenic modification across 
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the Peel-Yalgorup area, which undoubtedly benefits 
this scavenger (Smith 1992). As Osprey records since 
2000 probably refer to a single pair and their young, 
it is unlikely this reflects a population increase in the 
surrounding Peel-Yalgorup system. Instead it is more 
likely that this increase simply results from the fact 
that a pair either established their nest, or moved from a 
different location, at that time. 

Although Lake McLarty supports an exceptionally 
diverse and abundant waterbird fauna, it unfortunately 
faces a number of significant threats that threaten its 
conservation value into the future. At least six factors 
have been hypothesised anecdotally to significantly 
influence waterbird numbers at Lake McLarty, both 
positively and negatively: (1) the opening of the 
Dawesville Cut; (2) the disappearance of emergent 
vegetation; (3) removal of cattle; (4) global wader 
population declines; (5) increased disturbance from 
Forrest Highway and residential subdivision; and (6) 
changes to the hydroperiod due to decreasing rainfall 
and associated terrestrialisation of the lakebed. The lack 
of systematic surveys at Lake McLarty over an extended 
period of time precludes us from conclusively 
establishing the effect of these factors on water numbers 
at Lake McLarty. However, an examination of data on 
peak waterbird numbers annually enables us to provide 
some evaluation of the influence of each of these factors 
on waterbird numbers at Lake McLarty over the period 
of the survey and make recommendations for future 
management of the lake with the caveat that, ideally, the 
effect of each of these factors should be investigated 
further. The opening of the nearby Dawesville Cut in 
August 1994 seems to have positively influenced 
waterbird numbers at Lake McLarty. The Dawesville 
Cut caused a 55% increase in tidal amplitude as well as 
increased salinity, in the adjacent Peel-Harvey Estuary 
(Bradby 1997; Gibson 2001) reducing the availability of 
mudflats to waterbirds. Our data show an increase in 
waterbirds and peak counts of internationally significant 
species at Lake McLarty after the cut was opened 
(Figure 2) suggesting some birds may have responded to 
the reduced availability of mudflats by moving to Lake 
McLarty. The loss of emergent vegetation on the lakebed 
also appears to have had a positive effect on waterbird 
populations. The lakebed was 80% covered in emergent 
vegetation (mostly Typha but also some Juncus) in the 
late 1970s (J. Lane, pers, comm) that decreased to ~30% 
by 1985 (MC, pers. obs) and further to <5% by 1995. 
The reasons for this decrease are unclear, but may have 
been due to increasing salinity (Muirden 2017). 
However, we show that this decrease in emergent 
vegetation coincided with a large increase in the peak 
numbers of waterbirds recorded on the lake (Figure 2). 
Given that waterbirds generally prefer to forage in open 
areas away from emergent vegetation (Niemuth et al. 
2006; Pierce and Gawlik 2010), it seems likely that the 
loss of emergent vegetation exposed large expanses of 
open water and, at very shallow depths, large expanses 
of open mudflats for birds to forage upon and hence, 


a large increase in the number of waterbirds using the 
lake. The removal of cattle around 2001 has been 
postulated to have caused a decrease in waterbird 
numbers. This was based on the premise that reduced 
grazing meant that grass along the southern, and to a 
lesser extent the east, shore of the lake both grew in 
height and spread across previously bare mud reducing 
the habitat available for waterbirds, particularly waders. 
However, while the removal of cattle has likely reduced 
the quality of foraging habitat for some shorebird species 
at moderate water depths, our data do not indicate any 
strong effect of the removal of cattle on peak waterbird 
numbers and peak numbers of the species for which the 
lake is internationally important (Figure 2). In fact, the 
peak numbers of Grey Teal, Banded Stilt, Red-necked 
Stint and Sharp-tailed Sandpiper, as well as total 
waterbirds were all greater after the cattle were removed 
than before (Figure 2). The only species that showed a 
decline in abundance from 2001 were Purple Swamphen 
and Dusky Moorhen but, as neither of these species 
utilised the areas of grass and mud grazed by the cattle, 
it is difficult to ascribe their decline to the removal of 
cattle. We propose that cattle had negligible effect on 
peak waterbird numbers because when the water level 
was high enough to flood the grass grazed by cattle and 
provide suitable foraging habitat for waders within that 
grass, it was too deep (420 to 500 mm: Muirden 2017) 
for peak numbers of birds to be present (Table 2). Also, 
the relevant area where the cattle kept the grass short is 
only a few percent of the shoreline and lake area 
available to waterbirds. Additionally, some of the birds 
using the southern and south-eastern shoreline may have 
moved elsewhere on the lake and utilised different areas 
than when the cattle were present. The fact that cattle 
have grazed in the reserve since the 1880s (Department 
of Environment and Conservation 2008) and that 
waterbirds numbers have fluctuated greatly over that 
time further supports the idea that cattle grazing has not 
greatly influenced peak waterbird numbers at Lake 
McLarty. Increasing disturbance from the Forrest 
Highway and the residential development was proposed 
as a possible negative effect on waterbird numbers at 
Lake McLarty (Department of Environment and 
Conservation 2008). However, the anticipated increase 
in visitor numbers has not eventuated and may even 
have decreased because interest by birdwatchers has 
declined with reduced waterbird numbers. Another 
factor considered likely to have influenced waterbird 
numbers at Lake McLarty has been global declines in 
many populations of trans-equatorial migrants (Studds 
et al. 2017). This has not affected populations of most 
waterbird species at Lake McLarty as they are not trans- 
equatorial migrants, but it may have affected some 
species, including three species for which Lake McLarty 
is internationally important. There was little evidence 
global declines had influenced the numbers of Sharp¬ 
tailed Sandpiper at the lake. Despite significant declines 
of this species over the last four decades, which have 
been greatest in south-western Australia (Clemens et al. 
2016), there was a near-record count (5,500) in 2010 and 
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3,000 were recorded in 2014 showing the lake remains 
internationally important for the species despite the 
declines. In contrast, global declines of Red-necked Stint 
may have influenced the abundance of this species at the 
lake. The global decline has been strongest since 2003 
(Studds et al. 2017) and the decline at the lake started in 
2005 with a strong decline since 2010 when the peak 
count has not exceeded 2300. Global declines may also 
have caused a decline in abundance of Curlew Sandpiper 
at the lake. Globally, this species has declined by -65% 
in the past 20 years (Studds et al. 2017) and is the 
species that has declined the most in Australia over the 
past four decades, with the strongest declines in south¬ 
western Australia (Clemens et al. 2016). Although the 
abundance of Curlew Sandpiper at Lake McLarty 
remained high through much of the global decline with a 
peak count in 2007, numbers fell steeply from 2010, with 
no more than 120 recorded since. However, the sharp 
declines in these two species since 2010 coincided with 
the spread of herbaceous vegetation across the lakebed 
and this is likely to have been a more significant factor 
driving the declines at the lake. This suggests that Lake 
McLarty has provided high quality habitat for these 
species and continued to support high numbers until 
recently, despite the global population declines. The last 
factor considered to have influenced waterbird numbers 
at Lake McLarty is the change in the hydroperiod (the 
duration of inundation and drying) and our data indicate 
this factor has had the strongest influence on waterbird 
numbers along with the resultant process of 
terrestrialisation. A significant change in the 
hydroperiod occurred in 2006. Prior to 2006, the lake 


typically dried for between one and three months 
annually but, since that time, the lake has dried for 
between four and seven months annually (Muirden 
2017). This is partly driven by declines in rainfall, with 
annual rainfall in the area being 11% lower since 2000 
than in the 30 years prior to that. However, the increase 
in drying period does not correlate exactly with the 
decline in rainfall suggesting additional factors are 
operating. The change in hydroperiod in 2006 coincides 
with the development of the residential subdivision, with 
22 buildings having being constructed there. Since that 
time, the hydroperiod of the lake has not been tightly 
related to rainfall, suggested extraction of groundwater 
via bores may be an additional pressure (Muirden 2018). 
Current investigations are attempting to establish the 
relative influence of reduced rainfall and groundwater 
extractions on changes to the hydroperiod of the lake (P. 
Muirden, pers. comm). The change in hydroperiod has 
significantly reduced the length of time the lake contains 
water, and hence, reduces the habitat quality for all 
waterbirds and the peak numbers of all birds and the 
seven species for which the lake is internationally 
important have all shown a consistent decline since 2006 
(Figure 2). Migratory waders that use the lake have been 
disproportionately affected by the change in hydroperiod 
as the rich feeding habitats available as the lake dries are 
no longer available to the birds in February and March, 
when these species use such habitats for fattening up 
prior to northward migration (Craig et al. 2001). 
However, with the lake now usually drying in December 
or January, they are unable to do so under the present 
hydroperiod. Our data indicate that peak waterbird 


Increased disturbance 



FIGURE 2 Graph showing the peak number of all waterbirds and the seven species for which Lake McLarty is 
internationally important, within each 12 month period from May to April, in relation to six factors 
hypothesised to have influenced waterbird numbers at Lake McLarty. The factors that happened as single 
events (Dawesville Cut opened, cattle removed, hydroperiod changed and subsequent terrestrialisation) 
are shown as dashed lines whereas factors that changed gradually over a period of time (increasing 
disturbance, global population declines of migratory waders and loss of emergent vegetation) are shown 
as shaded boxes above the graph. 
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FIGURE 3 Graphs showing the peak number of all birds and a duck (GreyTeal), an Australian breeding wader (Banded 
Stilt) and a migratory wader (Red-necked Stint) in relation to the number of days between May and April 
that the lake is dry in each 12 month period. Note that numbers peak when the lake is dry for 2 to 3 
months each year and numbers are much lower when the lake dries for longer or does not dry at all 
although the pattern is less marked for Red- necked Stints. 


numbers, and peak numbers of those species for which 
the lake is internationally important, peaked when the 
lake was dry for 2 to 3 months a year and that peak 
numbers of waterbirds decline when the lake dries out 
for longer periods or does not dry out at all (Figure 3). 
The increased drying periods have also led to increases 
in the expression of acid sulphate soils (ASS). The extent 
of ASS has increased each year since first noted in 2015 
(Muirden 2017). This has the potential to change the pH 
of lake water from alkaline (pH ~8-8.5) to acidic, which 
will likely significantly change the invertebrate 
community and in turn, the waterbird community. The 
increased drying period has also led to the colonisation 
of the lakebed by terrestrial vegetation, primarily 
grasses and samphire, a process known as 
terrestrialisation (Figure 4). This has greatly reduced the 
extent of exposed mudflats such that, currently, only 
~5% of the lakebed is exposed mud. This greatly reduces 
the feeding habitat for migratory waders and renders the 
lake poor quality habitat for these species. For example, 
during a survey on 27 December 2017 at a water level of 
260 mm, which historically was shallow enough to 
provide suitable conditions for a wide variety and 
abundance of waders, only four Common Greenshank 
and two Sharp-tailed Sandpiper were recorded. Future 
plans, through the Lake McLarty Recovery Team, are 
currently underway to investigate methods of diverting 
water from nearby drains into Lake McLarty with the 
aim of returning the lake to a pre-2006 hydroperiod 


when it dried for 2 to 3 months. It is hoped that doing so 
would also eliminate the significant dual threats of ASS 
and terrestrialisation. 

In summary, Lake McLarty is a wetland of 
international importance that supports an extremely 
rich and abundant water bird community as well as 
globally significant population of seven waterbird 
species. However, recent counts indicate that the lake 
faces an uncertain future and may no longer consistently 
support internationally significant numbers of 
waterbirds. Declines in the abundance of some species 
is likely largely due to the disappearance of much of 
the emergent vegetation on the lake up until mid-1990s 
while global population declines may have been a 
further contributing factor for a few species. However, 
more recent changes in the hydroperiod of the lake 
and the associated issues of ASS and terrestrialisation 
threaten to significantly reduce the importance of the 
lake for all waterbird species. Plans to try and restore the 
hydroperiod of the lake to pre-2006 levels, where it dried 
for 2 to 3 months, are currently underway. It is hoped 
that the annotated list presented here will both showcase 
the conservation significance of Lake McLarty locally, 
nationally and globally, as well as provide an important 
baseline against which to assess the benefits of any 
future plans to restore the lake’s conservation value and 
contribute to a more certain future for the lake and the 
species that utilise it. 
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FIGURE 4 Photographs showing increasing terrestrialisation of the lakebed due to changes in the hydroperiod of the 
lake. In February 2012 (top), the lakebed was comprised mostly of exposed silty mud providing excellent 
habitat for migratory and resident waders. In February 2018 (bottom), the lakebed had been colonised by 
grasses (Poaceae) and samphires (Chenopodiaceae) greatly reducing the area of exposed silty mud and, 
hence, the quality of the habitat for waders. 
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ABSTRACT - A Bump-head Sunfish Mola alexandrini washed ashore in south-western Australia 
and was provided to the Western Australian Museum for exhibition. However, using traditional 
museum practices, such a large specimen would require a large volume of ethanol, which provides 
an unacceptable public risk in an exhibition space. The low risk glycerol was chosen as a storage 
medium. The specimen was initially fixed in a 10 v/v% formaldehyde solution and soaked in fresh 
water to remove residual formalin before commencing glycerol impregnation. Over a period of 
several years, glycerol impregnation was achieved by step-wise increases at 30%, 40%, 49% and 
59% glycerol. Biodegradation was inhibited with Kathon CG biocide. The impregnation process was 
monitored with a digital densitometer, which confirmed the process was controlled by diffusion 
through the spaces surrounding denticles and the concentration of the impregnating solution and 
was dependent on the logarithm of time. This method is a viable and safe alternative to the storage 
of natural history specimens when ethanol is not an option, and delivers measurable improvements 
to the colour and flexibility of specimens. 

KEYWORDS: exhibition, conservation, preservative, museum, flexibility 


INTRODUCTION 

In August 2010, a Bump-head Sunfish Mola 
alexandrini (Ranzani, 1839) (WAM P.33481-001; 
1,380 mm TL; 148 kg; Figure 1) was found dead 
on a beach near Augusta, south-western Australia 
(~34°19’53"S, 115 o 10'14 M E). Identification was made on the 
basis of general body shape, 12 ossicles in the clavus and 
denticle structure (Hutchins 2001; Nyegaard et al. 2018). 

The sunfish was identified as a potential key 
exhibition item for indoor display at the Western 
Australian Museum. The traditional museum practice 
for fishes is formalin fixation followed by storage in 70% 
ethanol. However such a large specimen would require 
more than 1,500 litres of ethanol, which provides an 
unacceptable public risk in an exhibition space with 
regards to fire, volatile fumes or skin contact in the 
event of deliberate or accidental damage to the display 
case, as well as the need for more sophisticated air 
handling and fire suppression systems. Thus, a non¬ 
volatile storage fluid was sought. Previous experience 
with treating a 5.3 metre Megamouth Shark indicated 
that aqueous solutions of glycerol were likely to provide 
a suitable medium (MacLeod 2015). 


RATIONALE FOR CHOOSING A STEPWISE 
GLYCEROL IMPREGNATION 

The concept of using stepwise addition of glycerol 
to formaldehyde-fixed natural science specimens was 
inspired by a visit to the Anatomical Museum of the 
Leiden University Medical Centre in The Netherlands 
where 100-year-old glycerol impregnated specimens 
of human organs appeared to be in excellent condition. 
The presence of three hydroxyl groups in glycerol 
(1, 2, 3 trihydroxy propane) makes it an ideal organic 
reagent with which to impregnate specimens because 
the glycerol will be strongly absorbed by the structural 
cellular components through hydrogen bonding, thereby 
preventing cellular collapse associated with dehydration. 
The way in which density relates to concentration is 
linear (Wolf et al. 1974) and so monitoring the solution 
density allows the progress of the impregnation to be 
recorded. The basis for using aqueous glycerol as an 
exhibition medium for preserved fish lies in the high 
flash point of the final solution. Whereas a 70 v/v% 
(hereafter 70%) ethanol solution has a flash point of 
16.6°C, a glycerol concentration of 97.5% is required 
before it will flash at 190°C (Glycerine Producers 
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Association 1963). Under the Australian Poisons 
Standards (Australian Government 2017) glycerol 
is classified as a Schedule 1 substance which has no 
restrictions on its use, so its handling presents no 
Occupational Health and Safety (OHS) issues. 

MODELLING THE ABSORPTION OF GLYCEROL 
IN SHARKS 

The suitability of using formalin-fixed tissue natural 
science specimens stored in aqueous glycerol solutions 
was tested with two small sharks; a Scalloped 
Hammerhead Sphyrna lewini and a Grey Reef Shark 
Carcharhinus amblyrhynchos (MacLeod and van 
Dam 2011), which demonstrated that impregnation 
with aqueous solutions of glycerol is an effective 
method for replacing ethanol as the storage medium. 
The methodology was scaled up to treat a 5.3 metre 
Megamouth Shark Megachasma pelagios which had 
been previously stored in 70% ethanol (Human et al. 
2012; MacLeod 2015). 

Understanding the mechanism of absorption of 
glycerol into sharks and other marine specimens can 
lead to an improvement in collection management 
practices through optimising the rate of glycerol 
impregnation. The model for glycerol absorption, 
which gives logarithmic time dependence, is based 
on the absorption of gases onto a reactive surface. For 
the liquid phase reactions, the concentration of gases 
is replaced by the concentration of glycerol and this 
variable controls the rate of uptake of the stabilising 
chemical (Denbigh 1964). The areas of the shark skin 
that are free of denticles are reactive, which is akin 
to the gas absorption process on physically reactive 
surfaces. The fraction 0 of the covered surface is 
given by the ratio of m / M where m is the total number of 
molecules absorbed and M is the number of sites. Part of 
the driving force for the free energy change associated 
with the absorption of glycerol into the shark tissue is 
the lower energy that the glycerol molecules have when 
they are hydrogen bonded with the proteins in the shark 
musculature. The free energy of absorption is defined by 
Equation 1 (Graham 1953), 

p - fU = AH - T (S - S°) + 2.303 RT log {%.,} .(1) 

where AH is the heat given off through the absorption 
of glycerol and S is the entropy per mole of the 
absorbed glycerol. The superscript 0 for entropy and 
free energy p refer to a standard 1M glycerol solution. 
Equation 1 shows that the energy driving absorption is 
dependent on the logarithm of the fraction of the surface 
responding to the absorption process. It is therefore not 
surprising that the kinetics of glycerol absorption and 
desorption of formaldehyde from the Megamouth Shark 
followed linear trends with the logarithm of treatment 
time (MacLeod 2015). 
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The three previous successful shark impregnation 
experiments gave us confidence that the direct 
impregnation of a formalin-fixed fish with glycerol 
carried a low risk to the specimen. Serial additions of 
glycerol to the shark treatment solutions, which began 
at 30%, brought about significant improvements in 
flexibility of all fins and the jaw as well as reducing the 
alcohol induced shrinkage lines (MacLeod and van Dam 
2011; MacLeod 2015). 

GLYCEROL IMPREGNATION 0FTHE SUNFISH 

Since the skin surface of sunfish is similar to sharks, 
in that they are covered with denticles, we expected 
that the specimen might follow similar kinetics for 
the impregnation treatment with glycerol. We also 
anticipated similar improvements in flexibility and 
colour of the sunfish specimen. Therefore, the same 
step-wise addition of glycerol used for the Megamouth 
Shark was applied to the sunfish but it was stopped at 
a slightly lower level (59 compared with 65% glycerol) 
because the balance between the rigidity of the 
specimen and the ability to pump the solution around the 
exhibition tank had been reached. Given that immersion 
in alcohol is known to cause changes to large specimens 
(Human et al. 2012), the sunfish was moved directly 
from the formalin fixative (following washing) to 
glycerol impregnation, without an ethanol step. 

METHODS 

The sunfish specimen was frozen for transport and 
then fixed in a small PVC lined commercial wading 
pool (1,200 litres capacity) using a buffered 10% 
formaldehyde solution. Three litres of the fomaldehyde 
solution was injected haphazardly into the dorsal and 
lateral musculature and the gut cavity. The specimen 
was immersed in formaldehyde solution and the whole 
assembly was encapsulated in high density polyethylene 
‘builders black plastic’ (1.5 mm thick). Formalin 
concentration was monitored and adjusted as required. 
This work was done outside the building under 
the cover of an awning under ambient temperature 
conditions. During the impregnation, downdraft full 
face respirators with formaldehyde filters and other 
personal protective equipment was worn. After one 
year in formaldehyde, a small core (4 mm diameter) was 
taken from beneath the left pectoral fin to confirm that 
the specimen was properly fixed prior to the glycerol 
solution treatment. Histological examination confirmed 
that formaldehyde fixing had been effected. 

Excess formaldehyde was removed by soaking the 
sunfish for four weeks in fresh water with several water 
changes. The extended washing period was based on 
previous studies that demonstrated that the release of 
formaldehyde from sharks followed logarithmic kinetics 
(MacLeod 2008, 2015) and was needed to ensure that 
staff working in and around the specimen were not 
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exposed to an OHS risk associated with the toxicity of 
formaldehyde (Kim et al. 2011). 

The sunfish was placed onto a supporting cradle 
comprising two high density polyethylene (HDPE) 
pallets that had been fastened together (Figure 1). 
The sunfish, on its cradle, was lifted into a custom 
made high density PVC 5,000 litre tank, which was 
dark and airtight when sealed. The tank lid was sealed 
with a rubber gasket and held in position with stainless 
steel bolts around the perimeter. The support cradle 
was weighed with and without the sunfish on a one 
tonne capacity digital weighing scale to determine 
initial weight of the fish (148 kg). The tank was filled 
with c. 2,000 litres of 30% glycerol that was reused 
from a previous treatment process (Megamouth Shark; 
MacLeod 2015) following fine filtering (<10pm). Owing 
to the lower body density of the sunfish compared with 
the impregnating solution of 30% glycerol (1.0853 g/ 
cm 3 ) a restraining band of open weave polyethylene 
shadecloth was placed across the specimen and clean 
concrete blocks were used to weigh the shadecloth and 
cradle down to keep the specimen submerged. 

The volume of the sunfish specimen was determined 
by measuring displacement of the 30% glycerol solution 
after correcting for the volumes of the cradle and 
concrete blocks. Geometric surface area was calculated 
from calibrated photographs. In order to understand the 
nature of the skin surface, the biopsy was washed in 
aqueous ethanol, examined under SEM and subjected 
to elemental analysis (SEM EDAX: Energy Dispersive 
Analysis of X-rays) at the CSIRO microscopy unit at 
the Australian Resources Research Centre, Kensington, 
Western Australia. For both the sunfish skin sample and 
a sample of Megamouth Shark skin, the free surface 
area available to glycerol was calculated using Adobe 
Photoshop, after converting the denticles to white and 
the background to black. 

CONTROL OF MICROBIOLOGICAL ACTIVITY 

Since most of the glycerol solutions were reused from 
the Megamouth Shark treatment process (MacLeod 
2015) there was residual biocide in the solution 
which, combined with slow release of a small amount 


of residual formaldehyde from the sunfish, meant 
that the 30% solution did not exhibit any issues of 
microbiological decay. However, as the concentration 
of glycerol was increased, some signs of biological 
activity were noted, in the form of tiny suspended 
microbial mats, so a circulation pump and inline filter 
(10pm polypropylene cartridge, Davey Products) were 
subsequently installed and operated for one hour per day. 
The biocide Kathon CG (methylchloroisothiazolinone in 
conjunction with the parent methylisothiazolinone), was 
used to prevent microbiological decay of the specimen 
and the glycerol solutions. The average level of biocide 
dosage was 25 ppm (Graves 2004) and no further 
microbial activity occurred. 

MONITORING THE IMPREGNATION PROGRESS 

The treatment of the sunfish was monitored by 
regular measurement of the solution density (to 
four decimal places) and temperature with a digital 
densitometer (Anton Paar Model DMA 35N). Density 
was standardised to a set temperature of 20°C, since the 
density of aqueous glycerol solutions typically varies by 
± 0.0003 g/cm^^C' 1 . The treatment area was not climate 
controlled, and the range of solution temperatures 
during the impregnation period ranged from 21.9 ± 1.1 °C 
(mean winter) to 24.6 ± 1.6°C (mean summer) with a 
mean of 24.0 ± 1.8°C across the four year treatment 
program. During the initial 30% glycerol stage of 
impregnation there was no pump installed in the tank 
(see above) and the glycerol solution was uncirculated, 
so density measurements were taken at various points 
around the specimen, allowing us to assess differential 
absorption rates by different parts of the body. The 
installation of the pump resulted in a more uniform 
solution environment around the specimen, as well as 
removing fine sediments and microbes. 

Once the glycerol density had plateaued, equilibration 
was deemed to have occurred and the glycerol solution 
was pumped out and replaced with an approximately 
equal volume of more concentrated solution. The 
stepwise increases in concentration were: 30%, 40%, 
49% and 59%. These incremental steps were used 
largely as a cost saving measure by reusing solutions 



FIGURE 1 Bump-head Sunfish Mola alexandrini (WAM R33481-001). A) fresh, washed up on beach; B) following 
removal from formaldehyde; C) at end of glycerol impregnation, supported on cradle. 
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FIGURE 2 Location of measurement points for 
the colour measurements on Bump- 
head Sunfish Mola alexandrini using a 
chromameter (drawing after Whitley 1933). 

from the Megamouth Shark treatment program. The 
final concentration was achieved by decanting 300 litres 
of 49% solution and adding 400 litres of 98% glycerol 
to increase the glycerol concentration to 59%. While 
a higher final solution concentration might provide a 
lower over-solution humidity to prevent fungal growth, 
59% was used due to cost considerations, the inability 
of the pump and the filtration system to cope with the 
increased viscosity and was further counteracted by the 
efficacy of the biocide to prevent fungal growth. At the 
end of the treatment the sunfish was raised on its support 
structure and allowed to drain before being re-weighed. 
Since the treatment was finished the sunfish has been in 
storage in a darkened tank awaiting installation as an 
exhibition specimen. 

COLOUR CHANGES DURING GLYCEROL 
TREATMENT OF SHARKS 

It was previously determined that the apparent 
restoration of the natural colour of small sharks during 
glycerol treatment was not due to a chemical reaction 
but rather, it was a change in the surface properties of 
the skin that altered the reflectance of light (MacLeod 
2015). It is likely that the dehydration of the shark skin 
by long term storage in 70% ethanol was overcome by 
the aqueous glycerol which fully wetted the surface 
and achieved colour saturation, thereby apparently 
‘reversing’ the alcohol induced colour changes 
(MacLeod 2015). Even the sun-bleached Megamouth 
Shark showed a significant improvement in its colour 
during glycerol treatment (MacLeod 2015). Since the 
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direct glycerol impregnation of the sunfish was being 
tested for the first time, we gauged the impact of glycerol 
impregnation on colour by taking colour measurements 
at six points across the body using standard CIELAB 
colour measurements on a Minolta Chromameter 
(MacLeod and Gilroy 1989). The measurement points 
were distributed over the light and dark areas of the 
specimen and across a range of surfaces (Figure 2). The 
chromameter uses an internal xenon tube as a constant 
light source, conducts three readings and returns the 
average value in the L*a*b* format. 

The L*a*b* system uses three dimensional coordinates 
for every known colour: positive L* values reflect 
whiteness and negative L* values are for shades of black. 
Positive a* values are in the red spectrum and negative 
a* values are green, while positive b* values are for 
yellow and negative values denote shades of blue. Colour 
change is measured according to the distance in the 
three dimensions between colour points and is defined 
by the formula given in Equation 2, 

AE = {(Lh - L * 2 f + (ah - ah) 2 + (bfi - b* 2 ) 2 } 1/2 .(2) 

RESULTS 

The sunfish specimen had an estimated geometric 
surface area of 4.4 m 2 and a displacement volume of 
235 litres with an apparent density of 0.58 g/cnr 3 (based 
on a solution density of 1.0853 g/cnr 3 for the 30% 
solution). SEM imaging showed that each denticle of the 
sunfish skin was surrounded by a zig-zag structure of 
the mineral growth that formed the surface of the skin 
providing 38% free area where glycerol can penetrate 
into the fish’s tissues, including the perforations in the 
denticles (Figure 3). In contrast, SEM of the Megamouth 
Shark skin showed that the denticles are like mesa 
formations sitting above the plain of the surface with a 
free area of 58% (Figure 3). The elemental analyses of 


TABLE 1 SEM semi-quantitative analysis of skin 
and denticle sample from a Bump-head 
Sunfish Mola alexandrini. 


Element 

Normalised 
atomic % 

Oxygen 

61.3 

Calcium 

23.2 

Phosphorus 

13.4 

Silicon 

0.9 

Aluminium 

0.6 

Sulphur 

0.4 

Zinc 

0.3 
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FIGURE 3 Comparison of scanning electron microscope (SEM) images of dermal denticles. A) Bump-head Sunfish 
Mola alexandrini (magnification 55x); B) detail of box in figure a. (magnification 180x); C) Megamouth 
Shark Megachasma pelagios (magnification 150x). 


the denticles on the sunfish confirmed that they largely 
consisted of calcium hydroxy apatite, Caio(P0 4 ) 6 (OH) 2> 
after correction for entrained fine sand grains (Table 1). 
The small amounts of aluminium, sulphur and zinc 
on the denticle surface is consistent with surface 
contamination, with some clays and other minerals in 
the very fine sand particles trapped under the fin where 
the skin sample was taken. 

DIFFERENTIAL IMPREGNATION IN STATIC 
GLYCEROL SOLUTION 

During the 30% glycerol stage (i.e. pre-pump, 
static) there was an approximately 23% higher rate of 
absorption of glycerol from around the clavus (tail) 
than over the rest of the body (Table 2). The difference 
is probably due to the reduced number of denticles 
between the clavus and the body of the fish to permit 
free movement in association with the anal and dorsal 
fins from which it is derived (Fraser-Brunner 1951; Pope 
et al. 2010). Regression analysis confirms that they both 
have the same starting point or intercept value of the 
original 30% solution. Once the pump was installed 
these differences disappeared as the stirring ensured a 
homogeneous solution density. 


EFFECTS OF CHANGING GLYCEROL CONCENTRATION 

With the exception of the 30% glycerol step, each 
stage of impregnation comprised an initial rapid rate 
followed by a slower rate (Figure 4). The first stage of 
glycerol impregnation (30%) reached a plateau level 
after 161 days, although it was maintained in this state 
for almost a year (353 days) owing to other operational 
duties. Routine monitoring during this long stasis 
ensured that the specimen was intact and that there 
was no biodegradation. When the tank was opened for 
changing the solution concentration, the mobility of the 
fins was checked and all showed significant mobility 
improvements, even at the early stages of impregnation. 

During the first 84 days in the 40% solution, the 
density fell at an initial rapid rate of -0.084 g/cm 3 /log 
time ( t ), which fell away to a steady -0.015 g/cm 3 /log 
t, (Table 3 and Figure 4) for another 226 days. Thus 
this second step in the impregnation took 310 days. 
During the 49% glycerol impregnation the rapid drop 
in density occurred at a rate of -0.32 g/cm 3 /log t for 
only 8 days. This was followed by a slower absorption 
rate (-0.029 g/cm 3 /log t) with densities that oscillated 
during times of increased solution temperature from 
either pump-generated heat or increased ambient 
temperatures. The movement of glycerol in and 
out of the specimen appears to be quite sensitive to 


TABLE 2 

Differential absorption rates of glycerol in clavus and body of a Bump-head Sunfish Mola alexandrini for 
non-circulated solution of 30 v/v% glycerol. Megamouth Shark Megachasma pelagios data from MacLeod 
(2015). * The lower density for the intercept for the Megamouth Shark is due to outward diffusion of 
ethanol based preservative which had lowered the glycerol to 28.6%. 

Region 

Density decrease 
(g/cm 3 /log hours) 

Intercept density 
(g/cm 3 ) 

R 2 

Clavus 

-0.0027 ± 0.0002 

1.0925 ± 0.0006 

0.9785 

Body 

-0.0022 ± 0.0001 

1.0924 ± 0.0019 

0.9945 

Megamouth 

-0.0307 ± 0.0001 

1.0885* ± 0.0008 

0.9917 
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FIGURE 4 Change in density of glycerol solution during the step-wise impregnation of a Bump-head Sunfish Mola 
alexandrini in 30%, 40%, 49% and 59% glycerol. 


TABLE 3 Rates of fall in density of glycerol solutions during impregnation treatment of a Bump-head Sunfish Mola 
alexandrini in 30%, 40%, 49% and 59% glycerol. 



30% 

40% 

49% 

59% 

Initial ‘Rapid’ Rate 





Slope (g/cm 3 /log time) 

-0.0022 

-0.0840 

-0.3200 

-2.6100 

Slope error 

± 0.0006 

± 0.0480 

n.a. 

± 0.4100 

R 2 

0.9945 

0.7530 

n.a. 

0.9529 

Intercept (g/cm 3 ) 

1.0924 

1.4700 

2.5100 

12.7500 

Intercept error 

±0.0019 

± 0.2000 

n.a. 

± 1.8100 


Secondary ‘Slow’ Rate 

Slope (g/cm 3 /log time) 

-0.0022 

-0.0146 

-0.0294 

-0.151 

Slope error 

± 0.0006 

± 0.0009 

± 0.0076 

± 0.0550 

R 2 

0.9945 

0.9418 

0.9376 

0.7906 

Intercept (g/cm 3 ) 

1.0924 

1.1808 

1.2800 

1.8400 

Intercept error 

±0.0019 

± 0. 0390 

±0.0330 

± 0.2400 
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temperature since the corrected density fell at twice the 
rate (-0.0022 g/cm 3 ) between 25.5 and 27.5°C compared 
with the lower temperature range 23.5-24.1°C (-0.0010 
g/cm 3 ). This third stage of the treatment at 49% took 
another 210 days (Table 3). For the final 59% glycerol 
impregnation stage, there was an initial rapid uptake of 
the glycerol with the density falling at a rate of -2.61 g/ 
cm 3 /log t for an initial 27 days followed by at least 60 
days of further equilibration at a rate of -0.15 g/cm 3 / 
log t (Table 3; Figure 4). Linear regression analysis 
of the logarithm of the rate of rapid density change 
(Table 3) showed a linear increase with the glycerol 
concentration, as shown in Equation 3, 

/ogRapiddensityfall = "5.45 + 0.101%gi ycerol .(3) 

The regression analysis had an R 2 of 0.9674 which 
equates to errors of 11% in the intercept and 13% in the 
slope. Analysis of the slower absorption rate (Table 3) 
showed the same dependence on glycerol concentration 
(same slope), but a different intercept value (Equation 4), 

/ogSlow densityf aii = -5.76 + 0.102% glycerol .(4) 


The four data points have an R 2 of 0.9809 with a 
standard error of ± 0.46 or 8% in the intercept and 
an error of ± 0.010 of 10% in the slope of Equation 3 
(Figure 5). 

COLOUR AND WEIGHT CHANGE 

Colour changes in the specimen took place gradually 
as the glycerol diffused into the sunfish and the surface 
became fully wetted and colour saturated (Table 4). 
The mean colour difference, AE mean was 4.2 ± 1.8 
and most of the measurement points became darker, 
with the exception of measurement point 3 (mid¬ 
operculum) which increased in brightness but the a* 
value was constant and b* value decreased, making 
it appear less yellow. Overall, the visual effect of the 
glycerol treatment was towards a much browner hue. 
Photographs of the sunfish showed a greater contrast 
between the light coloured spots and the darker 
surrounding skin (Figure 1). A standard measure 
of colour change is noted as a ‘just noticeable fade’ 
and has a AE of 0.32 (Ford 2011) and all the colour 
measurements on the sunfish show that the specimen has 


TABLE 4 Colour measurements on a Bump-head Sunfish Mola alexandrini before and after glycerol treatment 
based on L*a*b* system (see Methods). Difference is final minus initial measurement. See Figure 2 for 
location of measurement points. 


Measurement point 

measurement 

L* 

a* 

b* 

AE 


initial 

34.2 

4.9 

10.4 


1 

final 

27.3 

3.5 

8.3 



difference 

-6.9 

-1.4 

-2.2 

7.4 


initial 

31.4 

7.5 

13.2 


2 

final 

31.8 

6.6 

15.6 



difference 

+0.4 

-0.9 

+2.4 

2.6 


initial 

22.4 

4.5 

6.5 


3 

final 

25.2 

4.7 

5.2 



difference 

+2.8 

+0.1 

-1.3 

3.1 


initial 

36.6 

6.2 

10.9 


4 

final 

31.5 

4.3 

10.3 



difference 

-5.2 

-1.9 

-0.6 

5.5 


initial 

35.5 

5.4 

10.5 


5 

final 

33.1 

4.2 

11.7 



difference 

-2.4 

-1.2 

+1.3 

3.0 


initial 

31.8 

5.6 

9.4 


6 

final 

30.0 

2.8 

7.4 



difference 

-1.8 

-2.9 

-2.0 

3.9 
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FIGURE 5 Relationship between the log of the falling solution density and the concentration of glycerol during the 
'slow' stage of each impregnating step of a Bump-head Sunfish Mola alexandrini. 


a measurably different colour after glycerol treatment 
(Table 4) and that the difference makes the specimen 
appear much more life-like and provides an improved 
specimen for exhibition. 

At the end of the treatment, the sunfish specimen 
increased by 20 kg, from an initial weight of 148 kg to a 
final weight of 168 kg. 

DISCUSSION 

Previous experience of treating sharks with glycerol 
had indicted that the surface area to volume ratio was a 
significant determinant in the rates of uptake of glycerol 
(MacLeod and van Dam 2011). The sunfish had a surface 
area to volume ratio of 0.19 cm 1 , which is similar to the 
large Megamouth Shark (0.23 cm 1 ; MacLeod 2015), 
so it was anticipated that both specimens should have 
similar rates of glycerol uptake. However, the initial rate 
of decrease of the density in 30% glycerol for the body 
of the sunfish was almost 14 times slower than the same 
solution used on the Megamouth Shark (Table 2). 

The underlying cause for the slower rate of glycerol 
uptake in the sunfish is likely due to two main factors. 
Firstly, the sunfish has much more densely packed 
denticles compared to the larger amount of free space 
around each denticle in the Megamouth Shark (Figure 
3). If the amount of free space is the major controlling 
factor, the sunfish should have taken 37 months, as the 
Megamouth Shark had 1.52 times the amount of free 
space compared with the sunfish. The critical role played 


by this is highlighted by the differential absorption rates 
of glycerol between areas that had a higher or lower 
concentration of denticles on the sunfish. The clavus 
region had a 23% higher absorption rate than average for 
the sunfish body due to fewer denticles in this articulated 
region of the fish, which covers approximately 10% 
of the surface of the sunfish. Secondly, the shark and 
the sunfish had different preservation histories prior 
to glycerol treatment. The Megamouth Shark was 
stored in ethanol for many years, which probably 
caused shrinkage and damage to cell membranes and 
consequently changes to the intercellular spaces, which 
might have created conditions to the skin surface and 
tissues allowing easier access of the glycerol solutions. 
The details of the mechanism may only be resolved by 
comparison of other marine specimens that have been 
fixed by formaldehyde and not treated with aqueous 
ethanol. We also note that the impregnation process is 
likely to be shorter than reported here, but due to many 
logistical reasons, increasing the solution concentration 
was usually delayed beyond when the density had 
reached equilibrium at each step. It should also be noted 
that the Megamouth Shark impregnation took place 
inside an exhibition gallery at the Western Australian 
Maritime Museum with a mean temperature of 21.8 ± 
1.4°C so this helped to overcome the oscillations that 
were observed with the fluctuating temperatures in the 
40% sunfish solution. 

Vastly improved flexibility and colour of the sunfish 
specimen was an important outcome for this exhibition 
specimen. Anecdotally, we also noted improvements to 
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areas of ‘freezer burn’. One methodological issue we 
encountered is the importance of carefully wiping the 
skin surface before doing chromameter measurements 
on specimens freshly removed from treatment solutions. 
Light reflects strongly off the wet surface and can cause 
erroneous readings. 

KINETICS OF GLYCEROL ABSORPTION 
INTO THE SUNFISH 

Both the initial rapid fall in density (Equation 3) and 
the slower rate (Equation 4) have the same dependence 
on glycerol concentration so it is likely that the same 
mechanism is controlling the uptake of glycerol, but 
there are two steps in the process. This makes intuitive 
sense, for the initial surge in the impregnation rate 
with each increased amount of glycerol added to the 
solution bath would provide additional driving forces 
to get the stabilising chemical into the specimen. The 
difference in the intercept values of Equations 3 and 
4 (0.31) means that the slow rate has a starting point 
at half that of the rapid rate of decreasing the density 
of the impregnating solution. There was only a small 
difference between the rapid and slow rates of decrease 
for the initial 30% solution which is likely due to 
the osmotic pressure being insufficiently different to 
provide enough driving force for absorption. The first 
rapid decrease in density appears to be controlled 
by the osmotic pressure of the increased glycerol 
concentration. During this process large numbers 
of water molecules diffuse to the solution interface 
and then mix to Tower’ the solution concentration of 
glycerol. This is followed by a second step, which is a 
chemical absorption reaction as the glycerol migrates 
through the skin and releases more water into the 
impregnating solution. Studies on human tissue using 
70% glycerol solutions have shown similar behaviour 
which included rapid removal of interstitial water 
through osmotic clearing followed by a slower response 
to outward diffusion of cleared cellular paths (Genina 
et al. 2006). It is possible that the initial rapid fall in 
density with each addition of glycerol may also be 
partly due to residual formaldehyde coming from the 
specimen. However, this is considered unlikely since 
the treatment of sea jellies with glycerol has shown that 
as formaldehyde enters glycerol solutions the density 
increases due to the increased hydrogen bonding of 
the aqueous glycerol solutions (MacLeod, unpublished 
data). 

MacLeod (2015) demonstrated that weight changes in 
shark specimens, which were previously stored in 70% 
ethanol, were predictable and changes in solution density 
provided an accurate proxy to the rate of uptake of 
glycerol into the specimens. However, this assumption 
did not hold for the sunfish, for which an unlikely 
162 kg mass increase was predicted from changes 
to solution density rather than the actual increase of 
20 kg. Thermodynamic studies on the interaction of 


glycerol with proteins in cells have shown that there 
are a complex set of reactions in 30% aqueous glycerol 
with lysozyme and solvent regions near protein O- and 
N-atoms favour the formation of multiple hydrogen 
bonds with glycerol (Vagenende et al. 2009). These 
interactions contribute positively to the preferential 
interaction coefficient (15 ± 4 water molecules per 
glycerol molecule) due to the preferential solvation 
by glycerol molecules (Vagenende et al. 2009). The 
sunfish weight increase correlates with an average 
eight water molecules leaving the specimen per single 
glycerol molecule being bonded to the tissue. Some of 
the movement of water out of the sunfish is in response 
to the osmotic presssure of the impregnating solutions 
and the balance is due to the replacement of hydrogen 
bonded water in the tissue in response to the inward 
movement of the glycerol. 

The calculated weight gain showed that 28% of the 
increase took place in the original 30% solution and 
52% took place in the final (59%) treatment solution. It 
appears that the initial uptake is due to the wetting of 
the skin by the glycerol with some absorption followed 
by small increases at 40% and 49%. The final weight 
increase took place owing to a concentration gradient 
across the denticles that was sufficient to penetrate the 
specimen, despite the increased viscosity of the more 
concentrated 59% solution. 

Although glycerol has been used as a preservation 
and storage solution for museum specimens for more 
than 100 years, little is known about the underlying 
chemical processes of this technique. It is clear that 
large specimens can be impregnated and give excellent 
improvements in specimen condition, flexibility and 
colour over traditional ethanol storage, as well as health 
and safety advantages. Specimens can be impregnated 
either directly after formalin fixation or after long term 
storage in ethanol, with similar chemical processes, but 
different migration kinetics. Furthermore, microscopic 
surface features of the specimen can affect the rate 
of glycerol uptake and should be considered during 
planning. While the treated specimen is in storage and 
awaiting relocation into an exhibition tank the solution 
density is being monitored every six months and it is 
unchanged. 
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ABSTRACT - A mark-release-recapture methodology designed for monitoring the graceful sun- 
moth Synemon gratiosa Westwood is described. Because of the sun-moth's small size and fragility, 
traditional marking methods were found to be inappropriate. To enable marks to be applied and 
minimise handling, individual sun-moths were temporarily immobilised using either ethyl acetate or 
by cooling. A series of 1-3 dots were then placed on the forewing(s) using metallic ink permanent 
marker pens. By varying the location and colour of the dots, up to 232 individuals could be given 
unique marks. The use of ethyl acetate resulted in several deaths and had a large effect on recapture 
rate and apparent survival. However, the cooling method resulted in no detectable effect of marking 
on subsequent survival. The method is suitable for small or fragile Lepidoptera and other insects. 

KEYWORDS: Marking effect, monitoring, Lepidoptera, endemic, Western Australia 


INTRODUCTION 

Mark-release-recapture (MRR) is a method of 
obtaining useful demographic information about 
animals, including insects (Gall 1985; Pollock et al. 
1990; Sandercock 2006). Information derived from the 
numbers of animals captured and those subsequently 
recaptured provide estimates of fundamental population 
variables such as population size, reproductive rate 
and mortality rate. MRR studies of butterflies were 
initiated in Britain and Europe in the 1930s (e.g. Brett 
1936; Dowdeswell et al. 1940), and later in America (e.g. 
Ehrlich and Davidson 1960). In Western Australia, MRR 
studies of butterflies were conducted by Williams (2002) 
and Dover and Rowlingson (2005). In south-eastern 
Australia, MRR studies have been undertaken on the 
Critically Endangered golden sun-moth Synemon plana 
(Cook and Edwards 1993, 1994; Harwood et al. 1995; 
Richter et al. 2013). 

Among the assumptions underlying the MRR method 
is that marking does not affect the animal’s subsequent 
survival (Manly 1971; Pollock et al. 1990; Pollock and 
Alpizar-Jara 2005). If it does, then serious bias can occur 
in the estimates of survival and population size (Gall 
1984). This is potentially a greater problem for smaller 
and more fragile Lepidoptera as they are more likely to 
be injured during the marking process (Morton 1982; 


Gall 1984). The typical method of marking Lepidoptera 
is to capture the specimen in a net, then remove it by 
holding the wings between the thumb and index finger 
of the right hand (for a right-handed person). It is then 
transferred to the left hand and held by the thorax and 
base of the wings so that an individual identifying 
number may be written on the underside of the left 
hindwing with a fine-tipped permanent marker pen 
(e.g. Williams 2002). The marked individual is then 
immediately released in situ. Butterflies, which typically 
hold their wings in the closed upright position above the 
body, are not unduly disturbed by this procedure as this 
is their normal resting posture. It is then often possible 
to record marked individuals without the need for 
recapture, as the marks are visible when the butterfly is 
at rest. Many moths, however, are more fragile than the 
larger butterflies and are consequently more difficult to 
mark without causing damage. Also, most moths do not 
hold their wings upright, so that marking the underside 
of the hindwing requires recapturing and rehandling to 
discern any marked individuals. An alternative method 
is to immobilise individuals by cooling them prior to 
marking, which reduces handling stress (Kemp and 
Zalucki 1999), and to use a dot-marking scheme rather 
than applying numbers (Braby and New 1989). Both 
of these methods were tested in a MRR study of the 
graceful sun-moth Synemon gratiosa. 
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The graceful sun-moth is a day-flying moth restricted 
to near-coastal dunes along the south-west coast of 
Western Australia, between Binningup and Kalbarri, 
and to some Banksia woodlands near Perth (Bishop et 
al. 2010; Williams et al. 2012; Williams et al. 2016). 
The species is most abundant on near-coastal sand 
dunes where the larval food plant, Lomandra maritima, 
is often abundant; it is less common in Banksia 
woodlands, where the food plant L. hermaphrodita is 
sparse (pers. obs; Williams 2009). It is the smallest 
member of the Australian endemic genus Synemon, 
with an average wingspan of 25 mm (males) to 30 
mm (females). Adults fly from February to early April 
(Williams et al. 2016). Typically, they are only active in 
warm to hot, sunny conditions between 09:30 and 15:00 
hrs Western Standard Time. Between 1996 and 2012, 
S. gratiosa was a listed threatened species. In 2012, its 
conservation status was revised to Near Threatened by 
both State and Commonwealth conservation agencies. 
Demographic data on the graceful sun-moth is needed to 
adequately assess its conservation status. 

In common with many Lepidoptera, S. gratiosa rests 
with the wings flat. The moth is also too small to write 
a legible number on the hind wing, or even the upper 
surface of the forewing, a method that has been applied 
for other, larger, Lepidoptera such as the golden sun- 
moth S. plana (Rowell 2007; Richter et al. 2013) and 
for most MRR studies of macromoths (e.g. Dulieu et al. 
2007). Thus, an alternative methodological procedure 
was needed to undertake a MRR study of S. gratiosa. 
Experimental trials were conducted in 2016 and 2017 to 
determine a suitable methodology for conducting MRR 
studies on the graceful sun-moth. 

METHODS 

STUDY SITES 

The study was undertaken at three sites in Perth, 
Western Australia, during the adult flight period in 
February and March of 2016 and 2017 (Table 1). Each 
site was a small (1-4 ha) remnant of coastal dune habitat 
where S. gratiosa was known to be reasonably abundant, 
and surrounded by urban areas. At each site a fixed 
monitoring transect was established which traversed the 
ridges and slopes of all sand dunes, covering the entire 
habitat of S. gratiosa (Table 1). 


SAMPLING SESSIONS 

Surveys for S. gratiosa were undertaken on a 
daily basis at each site between 09:30 and 12:30 
hours Western Standard time, starting later in cooler 
conditions (i.e. if temperatures were below 24°C). In 
2016, sampling was conducted daily for 16 days in two 
separate periods: 22 February to 1 March, and 8-14 
March. In 2017, sampling was conducted daily for 23 of 
25 days between 13 February and 11 March; sampling 
was not conducted on two days (21 February and 2 
March) due to poor weather. Each transect was walked 
by two (occasionally three) observers at a slow, steady 
pace. One observer carried a 600 mm butterfly net and 
captured any unmarked S. gratiosa. Any previously 
marked individuals were either identified in situ or 
briefly captured to enable the marks to be recorded. 

MARKING 

Upon capture, each unmarked S. gratiosa individual 
was given a unique mark of 1, 2 or 3 dots on the upper 
side of the forewing using an Artline 999 XF silver 
and/or gold metallic-ink permanent marker pen. The 
dots were placed in one of three positions (basally, 
centrally or distally) on each wing (Figure 1). Using a 
single colour, individuals numbered 1-6 were marked 
using one dot, numbers 7-21 using two dots (i.e. dots 
in positions 1+2, 1+3, ..., 5+6), and numbers 22-41 
using three dots (i.e. 1+2+3, 1+2+4, ..., 4+5+6) enabling 
up to 41 individuals to be uniquely marked (Figure 
2). Individuals numbered 41-82 were marked using 
a second colour, and subsequent numbers using a 
combination of colours. 



FIGURE 1 Schematic diagram of the six locations on 
the forewings of the graceful sun-moth 
where marks were placed to give a unique 
number for each individual. 


TABLE 1 Sites where the mark-release-recapture study of the graceful sun-moth was conducted in 2016 and 2017. 


Site 

Area (ha) 

Latitude (°S) 

Longitude (°E) 

Transect length (m) 

Madana Park 

1.0 

31.7917 

115.7609 

325 

Maritana bushland 

2.7 

31.7878 

115.7523 

1020 

Cawarra bushland 

3.9 

31.7848 

115.7607 

1205 
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In the initial phase of the study in 2016 it was found 
that sun-moths were too active to enable the marks 
to be placed precisely. Therefore, each sun-moth was 
temporarily immobilised by placing it in a ‘killing jar’ 
containing ethyl acetate for up to 30 seconds prior to 
marking. Following marking, the immobilised sun-moth 
was placed, sometimes unconscious, in a shaded place 
on, or under, vegetation. Based on the results in 2016 
an alternative method of temporarily immobilising sun- 
moths was used in 2017: each sun-moth was transferred 
into a 75 ml clear plastic vial (specimen jar) and placed 
into an insulated container containing ice. Within the ice 
were two pre-formed circular holes into which the vials 
neatly fit (Figure 3). A circular piece of fabric was glued 


to the base of the vials to give the sun-moth a textured 
surface on which to cling. Within three minutes the 
moth settled into a typical closed-wing resting posture 
and was sufficiently immobile to enable marking. 

To assist with precise identification of any recaptured 
sun-moths, the sex and condition (fresh, average or 
worn) of each individual was recorded, and a sketch 
made of the size and location of the marks. The marked 
sun-moth was then released at the capture site as soon as 
it was able to fly. When previously marked individuals 
were encountered they were either identified in situ, or 
captured and transferred to a 75 ml clear plastic vial for 
identification. They were then immediately released and 
the location, time and other details recorded. 




FIGURE 2 Freshly marked individuals of Synemon gratiosa : A) marks signify that this is individual #39; B) individual #16. 



FIGURE 3 Small 'Esky' cool box half filled with ice (lid not shown). Two 75 ml yellow-capped specimen jars are 
inserted into the pre-formed circular holes within the ice. An optional flexible ice blanket may be placed on 
top of the inserted vials if desired. 
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STATISTICAL ANALYSIS 

To test for any effect of the marking procedure on 
subsequent survival, the mark-recapture data were 
analysed using the Cormack-Jolly-Seber (CJS) model 
(Pollock and Alpizar-Jara 2005; Sandercock 2006) 
and program MARK, version 8.0 (White 1999). The 
CJS model estimates the survival and capture rates of 
marked animals only, and does not estimate population 
size. Two models were compared. In the first, the 
survival rate of marked individuals was set to be 
constant for each day after marking. In the second, the 
survival rate was estimated by two parameters: one for 
the first day after marking and the other for subsequent 
days. This is the standard way of testing for a temporary 
marking effect on subsequent survival (Gall 1984; 
Sandercock 2006). These alternative models (temporary 
marking effect v. no effect) were compared using the 
standard information-theoretic approach to determine 
the best model-models with a value of AICc more than 
two units below the alternative model are considered to 
have greater support (Burnham and Anderson 2002). 

RESULTS 

A total of 159 individual S. gratiosa were captured, 
120 in 2016 and 39 in 2017, with the majority at 
Cawarra bushland (Table 2). The longest interval 
between marking and subsequent recapture (i.e. the 
minimum longevity) was five days, for two individual 
males, and two days for one female. The recapture 
rate was low, with only 21 (13%) of marked sun-moths 
being subsequently recaptured. Of the 14 individuals 
recaptured in 2016, eight were recaptured once, five 
twice and one on three occasions. The relatively high 
number of multiple recaptures (6 of 14 individuals, or 
43%) was inconsistent with the relatively low number 
of single recaptures (8 of 120 individuals, or 7%) and 
strongly suggested an effect of the marking procedure 
on subsequent survival. Four individuals died during 
the marking procedure (Table 2). In 2017, the number 
of S. gratiosa captured was much lower than in the 
previous year. Maritana bushland was not surveyed in 
2017, as the density of sun-moths at this site was low in 
2016 and regular surveys at the site in 2017 found very 
few S. gratiosa present. Of 39 individuals marked in 
2017, only seven were recaptured; six on one occasion 


and one twice. This is inconsistent with a marking 
effect (six of 39 and one of six, 15% vs 17%) although 
the low number of recaptured individuals provides less 
precise information. 

The dot-marking procedure enabled unambiguous 
identification of all of the individual S. gratiosa 
recaptured. On most occasions it was necessary to 
recapture the sun-moth for identification, but in several 
instances the marks could be recorded in situ. 

Analysis indicated a large and statistically significant 
effect of marking on survival rate in 2016, when ethyl 
acetate was used to subdue sun-moths (Table 3). The 
estimated survival rate in 2016 for the first day after 
marking was 0.20 (± standard error 0.064; Figure 4). In 
contrast, the estimated survival rate for subsequent days 
was 0.57 (± 0.11). This latter estimate is similar to the 
survival rate in 2017: 0.57 (± 0.39) and 0.46 (± 0.15), for 
the immediate post-marking and subsequent survival 
rates, respectively (pooled estimate 0.48 ± 0.13). In 2017, 
when cooling was used, there was no evidence of any 
marking effect on subsequent survival. 

DISCUSSION 

Marking the upper side of the forewings after a 
short period of cooling within a cool box was found 
to be a practical method of applying unique marks to 
the graceful sun-moth. This method has previously 
been used to mark nocturnal macro-moths, although 
any effect of marking on subsequent survival was not 
tested (Dulieu et al. 2007). We found no evidence of a 
marking effect on subsequent survival after cooling, 
and when combined with dot marking (rather than 
applying a number) the method has the additional 
advantage of removing the need for any handling. The 
use of ethyl acetate in 2016 to immobilise individual 
S. gratiosa resulted in both deaths during marking 
and a clear deleterious effect on subsequent survival 
in the short term, although sun-moths that survived 
the procedure had similar survival rates to those that 
were marked using the cool box method. Although 
there was no apparent marking effect in 2017, relatively 
few individuals were captured and for this reason the 
estimation of any effect was imprecise. Nonetheless, the 
results from 2016 and our personal observations of the 


TABLE 2 The number of captures, recaptures, deaths during marking and total number of captured individuals in 
the mark-release-recapture study of the graceful sun-moth. 

2016 2017 


Site 

Total 

Captures 

Recaptures 

Deaths 

during 

marking 

Total 

Captures 

Recaptures 

Deaths 

during 

marking 

Madana Park 

20 

4 

0 

13 

1 

0 

Maritana bushland 

21 

0 

0 

- 

- 

- 

Cawarra bushland 

100 

17 

4 

34 

7 

0 

Totals 

141 

21 

4 

47 

8 

0 

Individuals 

120 

14 

4 

39 

7 

0 
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TABLE 3 Comparison of the mark-recapture models used to compare effects of marking on survival rate. The best 
model in each year is listed first. The capture rate parameter was fixed for all models. AlCc is the Akaike's 
Information Criterion corrected for small samples. Delta AlCc is the difference between a model and the 
alternative model — values greater than two indicate a model with substantially less support. The AlCc 
weight represents the relative likelihood of each model. 


Year and model 

Parameters 

AlCc 

Delta AlCc 

AlCc weight 

2016 





Temporary marking effect 

3 

146.3 

- 

0.86 

No marking effect 

2 

149.9 

3.6 

0.14 

2017 





No marking effect 

2 

59.0 

- 

0.75 

Temporary marking effect 

3 

61.2 

2.2 

0.25 


1 


0.8 

0.6 

0.4 

0.2 


0 


I 


i 


I 



After first 

After subsequent 

After first 

After subsequent 


capture 

captures 

capture 

captures 


2016 2017 


FIGURE 4 Estimated survival rates of marked S. gratiosa individuals for the first day after capture and for subsequent 
days in 2016, when sun-moths were anaesthetised with ethyl acetate prior to marking, and in 2017, when 
moths were cooled prior to marking. 


rate at which individuals recovered from the alternative 
immobilisation methods suggest that using cooling was 
superior to the use of ethyl acetate. 

The only comparable MRR study of Castniidae was 
conducted in 2006 at York Park, a 0.4 ha habitat fragment 
in central Canberra, Australia. Captured males of S. plana 
were marked with a number written on the underside of 
the hind wing (Rowell 2007; Richter et al. 2013). Marked 
sun-moths were then placed in a holding cage to prevent 
repeated recaptures of marked individuals, and then 
released en masse at the end of the marking session later 
in the day. Rowell (2007) acknowledged that handling 
S. plana caused some loss of scales, and a specimen 
ranked as ‘Condition V (upper wing markings clear, 
wing margins intact) upon capture, was often released 
as a ‘Condition 2’ (markings less distinct, wing margins 
intact). Clearly, the wing condition of S. plana declined, 
to some extent, in the marking process. The estimated 
survival rate of marked S. plana was 0.16 (se 0.03), similar 
to the survival rate estimated for S. gratiosa anaesthetised 
with ethyl acetate (0.20 ± 0.06). These values are 
considerably less than those estimated for S. gratiosa 
marked after cooling or after the initial day post marking 
(0.48-0.57) and it is possible that the methods used by 
Richter et al. (2013) may have inadvertently resulted in a 
temporary marking effect. 


With the method we used for S. gratiosa, handling 
was not required and sun-moths could be released 
immediately at the site of capture. There are clear 
advantages to this method. Firstly, the simplicity of 
the wing marking method minimises damage to the 
moth. While inactive, it is simple and quick to place 
the metallic ink dots on the exposed upper surface of 
the forewings without having to handle the specimen. 
This means that the condition of the specimen remains 
much the same as when it was captured. Secondly, newly 
marked males which are released in situ often returned 
immediately to the territory from which they were taken 
and resumed normal territorial behaviour. We believe 
that this is essential, especially for a territorial species 
such as S. gratiosa, to ensure that normal behaviour is 
not unduly disturbed. Thirdly, S. gratiosa ‘recaptures’ 
can be readily identified - as the identifying metallic ink 
marks are located on the upper surface of the exposed 
forewings, they are visible when the sun-moth is in a 
normal settled posture and in many cases this obviates 
the need to recapture the individual. Similarly, if capture 
is required, the identity of a marked individual can 
quickly be determined by transferring to a specimen jar 
with the moth then released without being handled. 

If only a single marking colour is used the dot-marking 
scheme is limited to 41 unique marks. However, use 
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of two colours (e.g. silver and gold) adds a further 
41 in the second colour, a further 30 with two dots 
and two colours, and a further 120 with 3 dots in two 
colours, giving an overall total of 232 unique marks. 
For the graceful sun-moth, which typically occurs in 
low abundance and is short lived, this should provide 
sufficient numbers of unique marks in most situations. 
The marks could also be increased to four, five or six to 
further increase the number of possible marks. 
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ABSTRACT - There are currently 30 recognised species, with 13 subspecies, of varanid lizards 
(Varanidae: Varanus) occurring in Australia, with 24 known to occur in Western Australia, including 
five endemic species and one subspecies. Of the 37 Australian varanid species or subspecies, 
type material for 12 are, or have formerly been, housed in the collection of the Western Australian 
Museum, including 11 holotypes, one neotype and 67 paratypes. Of the 67 paratypes held in the 
WAM collection, five belonging to V panoptes rubidus and V glauerti have not been located and 
are presumed lost. An annotated catalogue is provided for all varanid type material currently and 
previously maintained in the herpetological collection of the Western Australian Museum. 

KEYWORDS: type specimens, goanna, monitor lizard, holotype, neotype, paratype, nomenclature 


INTRODUCTION 

The varanid lizards (family Varanidae) are 
represented by a single genus ( Varanus ) distributed 
across Africa, the Middle East, South-East Asia 
and Australia (Pianka et al. 2004), comprising 
approximately 80 species, of which 30 (-37.5%) and 
13 subspecies occur in Australia (Uetz et al. 2018). 
Australian species include the world's smallest 
extant varanid, V sparnus Doughty, Kealley, Fitch & 
Donnellan, 2014 (less than 300 mm total length) and 
the third largest, Australia's largest, V giganteus (Gray, 
1845) (up to 2.59 m total length) (Doughty et al. 2014, 
Pianka et al. 2004). In comparison, the largest living 
species in the family, V komodoensis Ouwens, 1912, 
can attain a total length of up to 3 m and a mass of 150 
kg (Auffenberg 1981, Pianka et al. 2004). 

George Shaw (in White 1790) described the first 
Australian species ( Lacerta varia, now V varius ) 
and the generic name Varanus was first established 
by Merrem (1820). Most early taxonomic work on 
Australian varanids was carried out by researchers 
based in Europe until around the end of the 19th 
century with 13 of the 37 Australian taxa described 
during this era. This resulted in types nominated from 
European museums, with few types in the Western 
Australian Museum (WAM) or other Australian 
museums from these early descriptions. However, 
the exception to this is the neotype of Hydrosaurus 
gouldii (= V gouldii ) which was designated from the 


WAM collection; it was subsequently gifted to the 
British Museum (Natural History), now the Natural 
History Museum, London. Only five currently 
recognised Australian varanids were described in 
the early 20th century (1901-1950), while the late 
20th century (1951-2000) saw a substantial increase 
in the number of species or subspecies descriptions, 
with 16 taxa described. This increase was due to the 
taxonomic works of the German herpetologist Robert 
Friedrich Wilhelm Mertens (seven taxa) and WAM 
herpetologist Glen Milton Storr (five taxa), with 
single species described by Australian herpetologists 
Ludwig Glauert, Francis John Mitchell, Max King and 
Paul Horner, and Richard Walter Wells and Clifford 
Ross Wellington. The early 21st century (2001-) has 
already seen the description of three new taxa, all from 
Western Australia, with type material held in the WAM 
(V bus hi, V. hamersleyensis and V sparnus ). 

The WAM was established in 1891 following the 
amalgamation of the Museum of the Swan River 
Mechanics Institute and the Geological Museum. 
Following the formation of the the WAM, it was 
originally known as the Public Museum, then Perth 
Museum and Western Australian Museum and 
Art Gallery, and subsequently WAM. Since its 
establishment, the WAM's natural history collection 
has grown substantially with respect to the terrestrial 
vertebrate fauna, particularly amphibians and reptiles 
(How and Cowan 2006). The herpetological collection 
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represents one of the largest regional collections 
in the world and the second largest in Australia, 
behind the Australian Museum, Sydney (AMS), 
containing approximately 166,745 specimens (as of 
September 2018). Following the establishment of the 
WAM, early donations of material were recorded in 
a donations register, titled ‘1895 Donations to the 
Museum’. The earliest entry referring to a varanid 
specimen is one ‘Long tailed Iguana’, donated by 
‘J. L. Salkild [?]’ from ‘Perth’ (early localities often 
referred to the donor's locality or address, or was an 
approximation location and not always representative 
of the specimens precise collection location), dated 6 
November 1895. From around 1896 through to 1912, 
all collected, purchased or donated material, including 
amphibian and reptile specimens, were accessioned 
into a series of six hardcopy general registers. The 
earliest varanid entry in the first WAM acquisition 
register (Register 1896-1900) was one ‘Monitor 
Gouldii Gould's Monitor (Long-tailed Guana [iguana] 
or lizard)’ from ‘Mullewa-Cucky [?]’, given to the 
museum by ‘Mr Varden’ and dated 25 September 1896. 
Some earlier entries list only ‘lizard’ and provide no 
further information. Earlier acquisitions into the WAM 
collection were sometimes also published in local 
press. The earliest such acknowledgement of varanid 
specimens being donated to the WAM is ‘Mr. Varden, 
long-tailed iguana (monitor Gouldii)’ (presumably 
the same specimen listed in the WAM Register 
1896-1900 above), ‘W. Cant, Gould's monitor (monitor 
Gouldii)’ and also ‘J. Harold, ...Gould's Monitor 
(monitor Gouldii)’, published in the West Australian, 
17 November 1896 (Anonymous 1896). No specimens 
matching the limited donor/collector and locality 
information of the latter two early acquisitions could 
be identified within the current varanid collection at 
the WAM and they are, therefore, presumed lost or 
disposed. 

In 1912 a separate handwritten hardcopy register was 
established specifically for herpetological specimens 
and all specimens accessioned into the collection 
from this point forward were given a registration 
number prefixed with ‘R’ for reptile. The ‘R’ prefix 
is still in use to denote registration numbers and 
specimens in the herpetological collection, including 
amphibians. Many specimens from the earlier general 
hardcopy registers were re-registered into the newer 
herpetofaunal register and given ‘R’ numbers; however, 
it is not clear if this was completed for the entire 
collection. The earliest varanid specimen documented 
in the WAM herpetofaunal register is R22, two 
‘ Varanus gouldii — young’ with the locality ‘from the 
Goldfields’ and ‘Mr Reece’ listed as collector/donor, 
dated 7 July 1912. The details of most specimens 
formerly registered in the WAM herpetofaunal register 
with ‘R’ prefixed registration numbers appear to have 
since been entered into the current electronic database 
of herpetological specimens, where all new specimens 


are now registered. The details for some specimens 
were not entered into the current digital WAM 
herpetological register, including R22 above, indicating 
specimens were possibly disposed of or not located 
prior to or during the transfer, or simply missed during 
the transfer of data. Currently, the earliest specimen 
on the WAM digital herpetological register is R330, 
a specimen of V caudolineatus from Quinns, WA, 
collected by W.D. Campbell; no collection or accession 
date is provided, which was common for many early 
registrations. Specimens in the digital register are 
mostly listed in sequential order by collection date; 
some are not, indicating the transfer of records from 
early registers was not always completed in sequence 
(e.g. R60218 — collected 1972, R60260 (formerly 
11329) — collected 1911, R60280 (formerly 12877) — 
collected 1912, R60348 — collected 1962, R60374 — 
collected 1978), or the specimen was not offered to the 
WAM until well after the collection date. The oldest 
specimen with reference to collection date is R60487, a 
specimen of V. scalaris from Napier Broome Bay, WA, 
collected in 1910 by G.F. Hill. 

The family Varanidae is represented by 2,885 of 
the 166,745 specimens in the WAM's herpetological 
collection (as of September 2018), consisting almost 
entirely of Australian species. The collection contains 
2,804 specimens representing 22 species or subspecies 
collected from Australia, in addition to 78 specimens 
from Indonesia representing three species ( V indicus, 
V. salvator and V. timorensis), one from Malaysia ( V 
bengalensis ), one from Singapore ( V salvator ) and 
one ( V salvator) formerly held by the Perth Zoo from 
uncertain origin. With the exception of Indonesian 
specimens collected during museum expeditions, the 
remaining non-native specimens have been obtained 
via Perth Zoo, quarantine intercepts or acquired from 
a deceased estate and lack precise locality data. Of 
the Australian specimens, 2,683 were collected from 
Western Australia, 78 from the Northern Territory, 
12 from South Australia, 8 from Queensland and 5 
from uncertain Australian localities. The majority 
of varanid specimens are whole specimens fixed in 
a 10% formalin solution, though oldest specimens 
are likely to have been alcohol fixed, and stored in a 
70% ethanol solution, in addition to a small quantity 
of alizarin-alcian stained, skeletal, skin or mounted 
specimen preparations of some species. Over 7500 
type specimens are held in the WAM herpetology 
collection with 79 specimens representing types of 12 
varanid species or subspecies: 12 primary types (11 
holotypes and one neotype) and 67 secondary types 
(paratypes). Of the 79 type specimens, four paratypes 
of V panoptes rubidus and the single V glauerti 
paratype could not be located in the collection and are 
considered lost. 

A partial list of type material held in the WAM 
herpetological collection compiled by Glen M. Storr 
was published in WAM annual reports from 1960 
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to 1969, before being discontinued in 1970 with the 
intention of consolidating existing lists and producing 
a complete and updated list; this never eventuated 
(Anonymous 1961, 1970). Annual Report type lists 
only presented primary type material, with no 
secondary types listed. They were issued over a series 
of 10 parts, of which only part 2 (1960-61) included 
varanid material for three taxa, Varanus ( Varanus ) 
gouldii, Varanus mertensi and Varanus ( Odatria ) 
timorensis glauerti (Anonymous 1961). Since the 1970 
Annual Report, there have been no further publications 
on the varanid type material held in the herpetological 
collection of the WAM. 

In accordance with recommendation 72F of the 
International Code for Zoological Nomenclature 
(the Code) (International Commission on Zoological 
Nomenclature [ICZN] 1999), a type specimen 
audit was initiated in order to publish a current 
type catalogue of the material held in the WAM 
herpetological collection. Audits were undertaken by 
family due to the large size of the herpetological type 
collection and the type catalogue will be presented 
in a series of publications. The first of the series was 
a type catalogue of the turtles (Chelidae) (Ellis and 
Georges 2015) followed by the frogs (Anura: Hylidae, 
Limnodynastidae and Myobatrachidae) (Ellis et al. 
2017) and the Gekkota (Squamata: Carphodactylidae, 
Diplodactylidae, Gekkonidae, Pygopodidae) (Ellis 
et al. 2018). The current type catalogue is the fourth 
of this series and presents the type varanid lizards 
(Squamata: Varanidae) held in the WAM collection. 

METHODS 

Information on type specimens was obtained 
from the original description and compared with 
information retrieved from accession data in 
early specimen registers and the current digital 
herpetology specimen database in addition to jar 
labels, personal communications and subsequent 
publications relating to relevant type material. 
All type specimens in the collection of the WAM 
were examined in addition to any respective label 
information and notations. Where specimens could not 
be located in the type collection, extensive searches 
of the general collection, accession data, original 
descriptions and other records were undertaken 
during the audit to locate missing specimens or 
those lacking data. This catalogue also includes type 
specimens of species that have, subsequent to their 
description, been synonymised and/or resurrected from 
synonymy with other taxa, or those with type material 
donated to the WAM since their description. This 
catalogue was prepared in accordance with the rules, 
recommendations, definitions and amendments of the 
Code (ICZN 1999, 2003, 2012). 


FORMAT 

This catalogue follows the format of previous WAM 
type catalogues on herpetological type material held in 
the WAM collection for turtles (Ellis and Georges 2015), 
frogs (Ellis et al. 2017), and geckos and legless lizards 
(Ellis et al. 2018). 

ORIGINAL BIN0MEN 

Genus species subspecies Author, year 

Original type species citation 

Author, year, title, journal, page(s), [page of description]. 
Primary type (holotype/neotype) 

Registration number, locality (latitude/longitude), 
collector(s) and collection date. 

Secondary type(s) (paratype/s) (number of types in WAM 
collection) 

Registration number, locality. 

Current nomenclature 

Current generic and specific recognition of the species. 
Current status 

Current status and validity of the species, synonymies. 
Remarks 

Additional information provided on subjects including 
the history and status of types, location of additional 
type specimens, ambiguity in type designations and 
information regarding the synonymy or resurrection of a 
species or subspecies if necessary and available. 

Each taxon is presented with the name provided 
by the original author(s), followed by the author's 
name, and year of publication. Species names are 
given in the exact format in which they were first 
published. Next, the original type species publication 
citation is presented displaying the author(s), year, 
title (of article or book), journal (unless otherwise), 
page(s) and the page on which the species description 
commences in square brackets ([x]). Primary type 
(holotype or neotype) information includes WAM 
registration number, locality, latitude and longitude 
(in degrees minutes seconds, where recorded to that 
precision or decimal degrees as provided in the original 
description), collector(s) name and collection date 
where known. Primary type localities and coordinates 
shown in quotes are those presented in the original 
published descriptions, including errors. Coordinates 
presented in square brackets [x] unquoted are those 
identified from accession data not presented in the 
description or subsequently determined based on 
locality data presented in the description. All dates 
are presented as day - month - year, month - year or 
year, as presented in the original description or relevant 
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information sources. Secondary types (paratype/s) 
are displayed showing WAM registration number and 
locality. Specific locality (latitude and longitude) and 
collection details (collector and date) are not provided 
for secondary type specimens. Specimens marked with 
an asterix (*) are no longer held in the collection of 
the WAM, due to being gifted to another institution, 
disposed of by the WAM or lost. Details of specimens 
no longer held in the collection are discussed further 
in the Remarks section of each species where 
information was available. Current nomenclature 
and status are only presented where a change from 
the original binomen or trinomen has occurred such 
as generic changes, specific amendments, changes 
to species or subspecies status and synonymy or 
resurrection from synonymy. Remarks include 
relevant information on issues and errors from 
original descriptions, specimens, historical remarks 
or subsequent publications referring to the species 
or specimens as well as information relating to the 
synonymy or resurrection of the species or information 
pertaining to lost or disposed specimens. Where known, 
tissue samples for type specimens are presented with 
tissue type, storage method and storage location. Tissue 
samples for type material that has been depleted is not 
presented. Square brackets ([x]) indicate corrections 
or additional information presented in the original 
description or subsequent publications. The prefix R 
is used to denote registration numbers corresponding 
to the specimens in the herpetofauna collection of the 
WAM. Specimens currently or previously held in other 
museum collections are prefixed with the institution's 
abbreviation prior to the institution's registration number 
for that specimen. 

The following acronyms and abbreviations in 
presenting type information in this catalogue have been 
used, institution acronyms follow Sabaj (2016). 

BMNH former British Museum (Natural History), 
now Natural History Museum, London, 
England, U.K. 

E east 

HS Homestead 

ICZN International Commission on Zoological 

Nomenclature 

Is Island 

km kilometres 

Mt mount 

N north 

NE northeast 

NHMUK Natural History Museum (formerly British 
Museum (Natural History)), London, 
England, U.K. 

NNE north-northeast 


NNW north-northwest 

NW northwest 

NP National Park 

nr near 

NT Northern Territory 

NTM Museums and Art Galleries of the Northern 

Territory (formerly Northern Territory 
Museum of Arts & Sciences), Darwin, NT, 
Australia 

NW northwest 

S south 

SE southeast 

SSE south-southeast 

Stn Station 

SW southwest 

W west 

WA Western Australia 

WAM Western Australian Museum, Perth, WA, 

Australia 

WNW west-northwest 

ACCOUNT OFTYPE SPECIMENS 

SQUAMATA 

Family Varanidae 

Hydrosaurus gouldii Gray, 1838 

Gray, J.E. (1838) Catalogue of the slender-tongue 
saurian, with descriptions of many new genera and 
species. Annals and Magazine of Natural History 
(Series 1) 1: 388-394 [394]. 

Neotype 

R131792 (now NHMUK 1997.1), ‘Karrakatta 
[Cemetery], Perth, WA (31°58'S, 115 0 47'E)’, G. 
Thompson, 29 September 1997. 

Current nomenclature 

Varanus gouldii, see Dumeril and Dumeril (1851). 
Remarks 

Gray did not designate any type specimens explicitly 
in the description; Mertens (1958) designated the 
specimen BMNH 1.17a (reregistered as BMNH 
1946.9.7.61 after the Second World War) as the 
lectotype (Sprackland et al. 1997). Bohme (1991) noted 
that the lectotype of Hydrosaurus gouldii (Varanus 
gouldii ) designated by Mertens (1958) was a specimen 
of Varanus panoptes panoptes Storr, 1980, technically 
rendering V panoptes panoptes a junior synonym of 
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H. gouldii. In a case submitted to the International 
Commission on Zoological Nomenclature (Case 3042), 
Sprackland et al. (1997) proposed that the lectotype 
designated by Mertens (1958) be set aside and BMNH 

I. 17b (locality data lacking) be designated as the 
neotype in accordance with accustomed usage of both 
names. Shea and Cogger (1998) proposed an alternative 
neotype, BMNH 1997.1 (formerly WAM R131792) 
that had accompanying locality data, as well as tissue 
samples for genetic comparisons, as opposed to other 
possible material in the BMNH in poor condition and/ 
or lacking collection and locality data. The ICZN ruled 
under the plenary power of the commission (Opinion 
1948) that all previous type material of Hydrosaurus 
gouldii Gray, 1838 was to be set aside and BMNH 
1997.1 was designated as the neotype for the species 
(ICZN 2000). Liver of neotype stored frozen (-75°C) 
at WAM. 


Varan us bushi 
Aplin, Fitch & King, 2006 

Aplin, K.P., Fitch, A.J. and King, D.J. (2006) A new 
species of Varanus Merrem (Squamata: Varanidae) 
from the Pilbara region of Western Australia, with 
observations on sexual dimorphism in closely related 
species. Zootaxa 1313: 1-38 [24]. 

Holotype 

R108999, ‘Marandoo, WA (22°37'S, 118°08’E)’, 
G. Harold, 20 June 1991. 

Paratypes (3) 

R54230, R56834, R62171, Marandoo, WA. 

Remarks 

Liver and heart of holotype stored frozen (-75°C) at 
WAM. 


Varanus ( Varanus) gouldii rosenbergi 
Mertens, 1957 

Mertens, R. (1957a) Eine neuer melanistischer Waran 
aus dem sudlichen Australien. Zoologischer Anzeiger 
159: 17-20 [18]. 

Holotype 

R822, ‘Monigup-Pass [Moingup Pass], Stirling 
Range, Sudwest-Australien [Southwest Australia]’, WA 
(34°24'S, 118°07'E), R. Bradshaw, 1920. 

Paratype 

R821, Moir Pass, Stirling Range, WA. 

Current status and nomenclature 
Varanus rosenbergi, see Storr (1980). 


Varanus hamersleyensis 
Maryan, Oliver, Fitch & O'Connell, 2014 

Maryan, B., Oliver, P.M., Fitch, A.J. and O’Connell, 
M. (2014) Molecular and morphological assessment 
of Varanus pilbarensis (Squamata: Varanidae), with 
a description of a new species from the southern 
Pilbara, Western Australia. Zootaxa 3768(2): 139-158 
[150]. 

Holotype 

R145733, ‘Hamersley Range, Weeli Wolli Creek, WA 
(22°52’40"S, 119°14’24"E)’ R.J. Teale and G. Harold, 
28 April 2003. 

Paratypes (5) 

R125456, 30 km E Newman, WA; R125766, Circular 
Pool, Dales Gorge, WA; R129628, 120 km NW 
Newman, WA; R140734, Rocklea Stn, WA; R164579, 
8.5 km NE Mt Rica, WA. 

Remarks 

Liver and heart of holotype stored frozen (-75°C) at 
WAM. Liver and heart of three paratypes (R125456, 
R129628, R140734) stored frozen (-75°C) and liver 
of two (R125766, R164579) stored in 100% ethanol 
at WAM. 


Varanus kingorum Storr, 1980 

Storr, G.M. (1980) The monitor lizards (genus Varanus 
Merrem, 1820) of Western Australia. Records of the 
Western Australian Museum 8(2): 237-239 [268]. 

Holotype 

R60374, ‘10 km WNW of Timber Creek, NT (15°37'S, 
130°23'E)’, M. King, 9 June 1978. 

Paratypes (2) 

R63340 (formerly NTM R6682), Turkey Creek, NT; 
R63341 (formerly NTM R6955), Kununurra, WA. 

Remarks 

Two additional paratypes held in the NTM collection 
(NTM R6681, R6954). One paratype (R63341) is an 
alizarin-alcian stained skeleton in glycerol solution, with 
the skin stored separately in 70% ethanol solution. 


Varanus mertensi Glauert, 1951 

Glauert, L. (1951) A new Varanus from east Kimberley, 
Varanus mertensi sp. n. Western Australian Naturalist 

3: 14-16 [14]. 

Holotype 

R5819, ‘Moola Bulla Cattle Station near Halls Creek, 
East Kimberley’, WA (18°11’S, 127°30'E), H.W. Hall, 
collection date not specified, presented to WAM on 20 
February 1936. 
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Varan us ( Odatria) timorensis glauerti 
Mertens, 1957 

Mertens, R. (1957b) Two new goannas from Australia. 
Western Australian Naturalist 5: 183-185 [183]. 

Holotype 

R12337, ‘Wotjulum, West Kimberley, WA’ (16°11'S, 
123°37'E), A.M. Douglas, 1956. 

Paratype 

R11207*, Wotjulum, WA. 

Current status and nomenclature 
Varanus glauerti, see Storr (1980). 

Remarks 

The paratype specimen was not located in the 
WAM collection and is considered lost. No record of 
the paratype being sighted during previous general 
collection or type specimen audits, or evidence the 
specimen was gifted or disposed could be located. 


Varanus panoptes panoptes 
Storr, 1980 

Storr, G.M. (1980) The monitor lizards (genus Varanus 
Merrem, 1820) of Western Australia. Records of the 
Western Australian Museum 8(2): 237-239 [273]. 

Holotype 

R44792, ‘Lake Argyle, WA (16°03’S, 128°47'E)’, 
L.A. Smith, 9 January 1972. 

Paratypes (17) 

R22368, Kimberley Research Station, N Kununurra, 
WA; R23450, East Point, Darwin, NT; R26782, Grotto 
Creek, WA; R28033, R28035, Kalumburu, WA; R28009, 
R28017, R32173, Mt Anderson, WA; R44793-96, 
R60217-18, Lake Argyle, WA; R47717, 3 km S Old 
Lissadell, WA; R50492, R50549, Drysdale River 
NP, WA. 


Varanus panoptes rubidus 
Storr, 1980 

Storr, G.M. (1980) The monitor lizards (genus Varanus 
Merrem, 1820) of Western Australia. Records of the 
Western Australian Museum 8(2): 237-239 [276]. 

Holotype 

R19132, ‘Wilgie Mia, 60 km NNW of Cue, WA 
(26°06'S, 117 0 42'E)’, M.H. Williams, 6 March 1963. 

Paratypes (19) 

R12907, [S] Fields Find, [Salt River], WA; R13307, 
Ullawarra [Stn], WA; R13975, New Forest, WA; 


R13975a (now R177046), Nalbarra, WA; R14331, 
Dolphin Is, WA; R14884, 52 km W Tambrey, WA; 
R14889, 37 km E Mt Magnet, WA; R14890, [5 km 
N] Billabong [RH], WA; R21233 [in error, R27233], 
Wanjarri, WA; R26261*, 11 km E Wittenoom, WA; 
R30912*, 11 km S Yalgoo, WA; R51524*, 35 km N 
Ilgararri Creek, WA; R51614*, Peedamulla, [80 km 
NNE Onslow], WA; R53507, 16 km S Yalgoo, WA; 
R53508 [in error, R53058], Yinnietharra, WA; R53689, 
Errabiddy [Stn], WA; R65958, R65960, nr [2.5 km 
N] Mt Linden, WA; R65959, nr [7.75 km SSE] Mt 
Linden, WA. 

Remarks 

Two paratype registration numbers listed by Storr 
are erroneous, R21233 is associated with a specimen of 
Hemiergis initialis initialis (Werner, 1910) (Scincidae) 
from Kalamunda, WA and R53508 a specimen of 
Chelodina steindachneri (Siebenrock, 1914) (Chelidae) 
from Galena, WA. The correct registration numbers for 
specimens matching the localities provided by Storr 
are R27233 and R53058, respectively. Two specimens 
were associated with the registration number R13975 
(R13975 and R13975a), both listed as paratypes by 
Storr. The paratype bearing the registration number 
R13975a has been reregistered as R177046. Two 
paratypes (R13975 and R13975a (now R177046)) have 
been identified as Varanus gouldii (Gray, 1838). Four 
paratypes (R26261, R30912, R51524, R51614) could 
not be located in the WAM collection and are presumed 
lost or have been disposed of at some point following 
the description. No record of the missing paratypes 
being sighted during previous general collection or 
type specimen audits could be located. 


Varanus pilbarensis 
Storr, 1980 

Storr, G.M. (1980) The monitor lizards (genus Varanus 
Merrem, 1820) of Western Australia. Records of the 
Western Australian Museum 8(2): 237-239 [278]. 

Holotype 

R39782, ‘Chichester Range, WA (22°03’S, llS^'E)’, 
J.C. Wombey, 7 April 1971. 

Paratypes (8) 

R10811, Abydos, WA; R13082, R28011-12, 
R60432, Woodstock [Stn], WA; R14901, Dales Gorge, 
WA; R20017, Black Hill Pool, WA; R39158, 
Nullagine, WA. 

Remarks 

One paratype, R14901, has since been identified as a 
specimen of Varanus hamersleyensis Maryan, Oliver, 
Fitch & O’Connell, 2014 (Maryan et al. 2014). 
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Varanus sparnus 

Doughty, Kealley, Fitch & Donnellan, 2014 

Doughty, P., Kealley, L., Fitch, A. and Donnellan, S.C. 
(2014) A new diminutive species of Varanus from 
the Dampier Peninsula, western Kimberley region, 
Western Australia. Records of the Western Australian 
Museum 29: 128-140 [132]. 

Holotype 

R168486, ‘Coloumb Point, Dampier Peninsula, WA 
(-17.4277°S, 122.1522°E [17°25’39"S, 122°09’07"E])’, 
R. J. Teale and G. Harold, 10 March 2009. 

Paratypes (2) 

R168474-75, Coloumb Point, Dampier Peninsula, WA. 
Remarks 

Liver of holotype and both paratypes stored in 100% 
ethanol at WAM. 


Varanus storri ocreatus 
Storr, 1980 

Storr, G.M. (1980) The monitor lizards (genus Varanus 
Merrem, 1820) of Western Australia. Records of the 
Western Australian Museum 8(2): 237-239 [283]. 

Holotype 

R42717, ‘Argyle Downs airstrip, WA (16°20'S, 
128°46'E)’, D.J. Kitchener, 11 October 1971. 

Paratypes (9) 

R13720, Inverway, NT; R40998, Kildurk [Stn], NT; 
R42764, 28 km SW Argyle Downs, WA; R51266, 
Bull Flat Bore, Christmas Creek Stn, WA; R57244, 
Old Theda [Stn HS], WA; R60041, 30 km SE Halls 
Creek, WA; R60042, Wave Hill Police Station, NT; 
R60043, Gordon Creek, 28 km S Victoria River Downs, 
NT; R60044, Gordon Creek, 49 km S Victoria River 
Downs, NT. 
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